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(54) BLOOD PRESSURE MEASURING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate a troublesome manipulation at measuring 
the blood pressure and enhance the easiness in handling the device by arranging it 
so that the blood pressure is calculated on the basis of the pulsation signal 
obtained through sensingand thereforeonly one sensora pulsation sensormust be 
put on the body of a subject. 

SOLUTION: A blood pressure measuring device senses the pulsation generated by 
blood circulation in a human body using a pulsation sensing means Scalculates the 
feature amount related to the blood pressure using a feature amount calculating 
means 1 1 on the basis of the pulsation signal obtained through sensingand 
calculates the blood pressure using a blood pressure calculating means 18 on the 
basis of the obtained feature amount. According to this configuration where the 
blood pressure is determined on the basis of pulsation signalsonly one sensora 
pulsation sensormust be put on the body of a subject to lead to elimination of 
troublesomeness in manipulation at measuring the blood pressure and 
enhancement of the easiness in handling the deviceand further because the blood 
pressure measurement is conducted through computation of the feature amount 
related to the blood pressureaccurate measurements can be obtained even with 
varying shape of pulsation. 



CLAIMS 



[Claim(s)] 

[Claim 1]Blood-pressure-measurement equipment comprising: 



A pulse wave detection means to detect a pulse wave produced by blood 
circulation of a human body. 

A characteristic quantity calculating means which calculates characteristic 
quantity relevant to blood pressure based on a pulse wave signal outputted from 
said pulse wave detection means. 

A blood-pressure calculating means which calculates blood pressure based on a 
characteristic quantity signal outputted from said characteristic quantity 
calculating means. 

[Claim 2]The blood-pressure-measurement equipment according to claim 1 with a 
pulse wave amendment part which a pulse wave detection means calculates a 
pulse wave intervaland amends a pulse wave signal at intervals of said pulse wave. 
[Claim 3]Each wave height of a pulse wave signal with which a characteristic 
quantity calculating means is outputted from a pulse wave detection meansa ratio 
of each of said wave heightTime from a pulse wave standup point to said each 
wavesaid time interval between each wavean integral value of a pulse wavethe 
blood-pressure-measurement equipment according to claim 1 or 2 with pulse wave 
characteristic quantity operation part which calculates at least one of the pulse 
rates as pulse wave characteristic quantity. 

[Claim 4] Blood-pressure-measurement equipment comprising of Claims 1-3 given 
in any 1 clause: 

Speed pulse wave operation part which calculates a speed pulse wave which is the 
primary differentiation of a pulse wave based on a pulse wave signal with which a 
characteristic quantity calculating means is outputted from a pulse wave detection 
means. 

Speed pulse wave characteristic quantity operation part which calculates at least 
one of each wave height of a speed pulse wave signal outputted from said speed 
pulse wave operation parta ratio of each of said wave heighttime from said speed 
pulse wave standup point to said each wavesaid time interval between each 
waveand the zero cross intervals of said speed pulse wave as speed pulse wave 
characteristic quantity. 

[Claim 5] Blood-pressure-measurement equipment comprising of Claims 1-4 given 
in any 1 clause: 

Acceleration pulse wave operation part which calculates an acceleration pulse 
wave which is the secondary differentiation of a pulse wave based on a pulse wave 
signal with which a characteristic quantity calculating means is outputted from a 
pulse wave detection means. 

Acceleration pulse wave characteristic quantity operation part which calculates at 
least one of each wave height of an acceleration pulse wave signal outputted from 
said acceleration pulse wave operation parta ratio of each of said wave heightand 
said the time intervals between each wave as acceleration pulse wave 
characteristic quantity. 



[Claim 6]A pulse wave detection means has two or more pulse wave primary 
detecting elements which detect a pulse wave of a part by which a human body is 
differentBlood-pressure-measurement equipment of Claims 1-5 with pulse wave 
propagation characteristic quantity operation part in which a characteristic 
quantity calculating means calculates at least one of pulse wave propagation time 
and the pulse wave velocity as pulse wave propagation characteristic quantity 
based on a pulse wave signal from said pulse wave primary detecting element 
given in any 1 clause. 

[Claim 7]Blood-pressure-measurement equipment of Claims 1-6 with [ a 
characteristic quantity calculating means makes at least one of height of a human 
bodyweightsexand the age the amount of physical featuresand ] the amount input 
part of physical features which can be inputted given in any 1 clause. 
[Claim 8]Blood-pressure-measurement equipment of Claims 3-7 given in any 1 
clause with which a blood-pressure calculating means calculates blood pressure 
based on at least one of pulse wave characteristic quantityspeed pulse wave 
characteristic quantityacceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical features. 
[Claim 9]Blood-pressure-measurement equipment of Claims 3-8 which a blood- 
pressure calculating means has a reference-value input part which can input a 
reference value of blood pressureand can amend relation between at least one of 
pulse wave characteristic quantityspeed pulse wave characteristic 
quantityacceleration pulse wave characteristic quantitypulse wave propagation 
characteristic quantityand the amounts of physical featuresand blood pressure to 
calculate given in any 1 clause. 

[Claim 10]Blood-pressure-measurement equipment of Claims 3-9 which a blood 
pressure value calculating means makes a reference value of blood pressure a 
teacher signaland learn relation between at least one of pulse wave characteristic 
quantityspeed pulse wave characteristic quantityacceleration pulse wave 
characteristic quantitypulse wave propagation characteristic quantityand the 
amounts of physical featuresand blood pressure to calculate given in any 1 clause. 
[Claim 1 1]Blood-pressure-measurement equipment of Claims 1-10 which can 
equip at least one part of the digiti-manus pointan earlobethe digiti-pedis pointthe 
upper arma wristthe neckand a thorax with a pulse wave detection meansand 
detect a pulse wave of said part given in any 1 clause. 

[Claim 1 2]The blood-pressure-measurement equipment comprising according to 
claim 1 1 : 

The 1 St pulse wave primary detecting element where a pulse wave detection 
means detects a pulse wave from the digiti-manus point. 

The 2nd pulse wave primary detecting element which adjoins the 1st pulse wave 
primary detecting elementis established and detects a pulse wave from parts other 
than said fingertip. 

[Claim 13]The blood-pressure-measurement equipment according to claim 12 with 
which the 1st pulse wave primary detecting element and the 2nd pulse wave 



primary detecting element have a light-emitting part and a light sensing portion for 
a photoelectrical pulse wave system to detect a pulse waverespectivelyand both 
light-emitting parts were shared. 

[Claim 14]The blood-pressure-measurement equipment according to claim 12 
which consists of a pressure sensor with which the 2nd pulse wave primary 
detecting element detects pulse pressure. 

[Claim 15]The blood-pressure-measurement equipment according to claim 12 
which consists of a microphone with which the 2nd pulse wave primary detecting 
element detects a heartbeat. 

[Claim 16]Blood-pressure-measuremeht equipment of Claims 1-15 with a storage 
parts store which memorizes blood pressure which calculated a blood pressure 
value calculating means given in any 1 clause. 

[Claim 1 7] Blood-pressure-measurement equipment of Claims 1-15 with a display 
which displays blood pressure which calculated a blood pressure value calculating 
means given in any 1 clause. 

[Claim 18]Blood-pressure-measurement equipment of Claims 1-15 with an alarm 
generating part which generates an alarm when a blood pressure value calculating 
means deviates from a normal range where calculated blood pressure was set up 
beforehand given in any 1 clause. 

[Claim 19]Blood-pressure-measurement equipment of Claims 1-15 with a terminal 
area for communication for a blood pressure value calculating means to perform 
communication with an external medium given in any 1 clause. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Inventionjln this inventionit is related with blood-pressure- 
measurement equipment. 

Thereforeit is related with the blood-pressure-measurement equipment of a low 
restraint which measures blood pressure without using especially a cuff 
(tourniquet). 

[0002] 

[Description of the Prior Art]As for this conventional kind of blood-pressure- 
measurement equipment of the low restraintwhat is indicated to JPH8-140948A 
was common. As shown in drawing 25t his blood-pressure-measurement equipment 
The heart potential electrodes 1 and 2A heart potential signal. The electrocardio 
processing means 3the finger tip photoelectric pulse wave sensor 4and pulse wave 
signal to process. It comprises the pulse wave processing means 5 to processthe 
secondary differential means 6 which differentiates the secondary pulse wave 
signalthe calculating means 7 which calculates blood pressure based on the heart 
potential signalthe pulse wave signaland the secondary differential signal of a pulse 



wave by which signal processing was carried outand the displaying means 8 which 
displays the result of an operation. Each part of a human body is equipped with the 
heart potential electrodes 1 and 2 and the finger tip photoelectric pulse wave 
sensor 4 like drawing 25 . 

[0003]And as shown in drawing 26w hile calculating the pulse wave propagation 
time PTTpulse wave interval Pland heart rate HR (=1/PI) from a heart potential 
waveform and a pattern of pulse wavethe above-mentioned calculating means 
7the ratio of the 1 st wave height x for Masakata of the secondary differential 
waveform of a pulse wave to the 1 st wave height y of a negative direction — this 
being set to blood vessel description parameter TPand in quest of y/x or time lag 
Tb of the 1 st peak for Masakata of a pulse waveand the 2nd peak for 
Masakatabased on a formula (1)a blood pressure value (highest blood pressure 
(SYS)lowest blood pressure (DIA)) is calculated — it was like like. 
[0004] 

SYS and DIA=c1*HR+c2*PTT+c3*TP+c4 Formula (1) 

Howevercl c2c3and c4 are the constants obtained statisticallyand they differ by 

SYS and DIArespectively. 

[0005] 

[Problem to be solved by the invention]Howevenn the above-mentioned 
conventional blood-pressure-measurement equipmentsince pulse wave 
propagation time had to be found in order to calculate blood pressurethe human 
body had to be equipped with the sensor of a large number which detect heart 
potential and a pulse wave like drawing 25 and SUBJECT on use occurred. In order 
to detect heart potential with accuracy sufficient about especially a heart 
potential electrodethe conductive paste had to be attached to the human body 
and it usually had to equip with the electrode pan for heart potential 
measurementand the operation in the case of blood pressure measurement 
became complicatedand SUBJECT that it was user-unfriendly occurred. 
[0006]further — as parameter TP — the ratio of the 1 st wave height x for 
Masakata of the secondary differential waveform of a pulse wave to the 1st wave 
height y of a negative directionalthough blood pressure is calculated using y/x or 
time lag Tb of the 1st peak for Masakata of a pulse waveand the 2nd peak for 
MasakataFor examplesince pulse wave form may have changedfor examplea 
Masakata-oriented peak may have appeared only in one place when it becomes 
hypertension and arteriosclerosisTb could not be calculated correctly but 
SUBJECT that blood pressure did not calculate correctly occurred. 
[0007] 

[Means for solving problem]In order that this invention may solve an 
aforementioned problemthe pulse wave which a pulse wave detection means 
produces by the blood circulation of a human body is detecteda characteristic 
quantity calculating means calculates the characteristic quantity relevant to blood 
pressure based on the detected pulse wave signaland a blood-pressure calculating 
means calculates blood pressure based on the calculated characteristic quantity. 
[0008]In order to calculate blood pressure based on the detected pulse wave 



signal according to the above-mentioned inventionwhile the complicatedness of 
the operation of only a pulse wave sensor in the case of blood pressure 
measurement of the sensor with which a human body is equipped is lost and its 
user-friendliness improvesin order to calculate the characteristic quantity relevant 
to blood pressure and to measure blood pressureeven if pulse wave form 
changesblood pressure can be measured with sufficient accuracy. 
[0009] 

[Mode for carrying out the invention]The blood-pressure-measurement equipment 
concerning Claim 1 of this invention is provided with the following. 
A pulse wave detection means to detect the pulse wave produced by the blood 
circulation of a human body. 

The characteristic quantity calculating means which calculates the characteristic 
quantity relevant to blood pressure based on the pulse wave signal outputted from 
said pulse wave detection means. 

The blood-pressure calculating means which calculates blood pressure based on 
the characteristic quantity signal outputted from said characteristic quantity 
calculating means. 

[0010]And in order to calculate the characteristic quantity relevant to blood 
pressure and to calculate blood pressure based on the calculated characteristic 
quantity from the detected pulse wave signalWhile the complicatedness of the 
operation of only a pulse wave sensor in the case of blood pressure measurement 
of the sensor with which a human body is equipped is lostand prolonged ream 
measurement is also attained and being able to improve user-friendlinessit has a 
pulse wave amendment part in which a pulse wave detection means calculates a 
pulse wave intervaland the blood-pressure-measurement equipment applied to 
Claim 2 of this invention which can measure blood pressure with sufficient 
accuracy even if pulse wave form changesin order to calculate the characteristic 
quantity relevant to blood pressure and to measure blood pressure amends a pulse 
wave signal at intervals of said pulse wave. 

[001 1]And since a pulse wave amendment part amends a pulse wave signal at 
intervals of a pulse waveblood pressure can be measured with sufficient accuracy 
irrespective of the size of a pulse. 

[0012]Each wave height of the pulse wave signal with which a characteristic 
quantity calculating means is outputted from a pulse wave detection means as for 
the blood-pressure-measurement equipment concerning Claim 3 of this inventionit 
has the ratio of each of said wave heightthe time from a pulse wave standup point 
to said each wavesaid time interval between each wavean integral value of a pulse 
waveand the pulse wave characteristic quantity operation part that calculates at 
least one of the pulse rates as pulse wave characteristic quantity. 
[0013]Pulse wave characteristic quantity operation part And each wave height of a 
pulse wave signalthe ratio of each of said wave heightthe time from a pulse wave 
standup point to said each waveSince at least one of said time interval between 
each wavethe integral value of a pulse waveand the pulse rates is calculated as 



pulse wave characteristic quantity and a blood-pressure calculating means 
calculates blood pressure based on pulse wave characteristic quantityeven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesblood 
pressure can be measured with sufficient accuracy. 

[001 4]The speed pulse wave operation part in which the blood-pressure- 
measurement equipment concerning Claim 4 of this invention calculates the speed 
pulse wave which is the primary differentiation of a pulse wave based on the pulse 
wave signal with which a characteristic quantity calculating means is outputted 
from a pulse wave detection meansit has the speed pulse wave characteristic 
quantity operation part which calculates at least one of each wave height of the 
speed pulse wave signal outputted from said speed pulse wave operation partthe 
ratio of each of said wave heightthe time from said speed pulse wave standup 
point to said each wavesaid time interval between each waveand the zero cross 
interval [ of said speed pulse wave ] ** as speed pulse wave characteristic 
quantity. 

[0015]Speed pulse wave operation part calculates the speed pulse wave which is 
the primary differentiation of a pulse waveand speed pulse wave characteristic 
quantity operation part And each wave height of a speed pulse wave signalThe 
ratio of each of said wave heightthe time from said speed pulse wave standup 
point to said each wavesaid time interval between each waveSince at least one of 
the zero cross intervals of said speed pulse wave is calculated as speed pulse 
wave characteristic quantity and a blood-pressure calculating means calculates 
blood pressure based on speed pulse wave characteristic quantityeven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesblood 
pressure can be measured with sufficient accuracy. 

[0016]The acceleration pulse wave operation part in which the blood-pressure- 
measurement equipment concerning Claim 5 of this invention calculates the 
acceleration pulse wave which is the secondary differentiation of a pulse wave 
based on the pulse wave signal with which a characteristic quantity calculating 
means is outputted from a pulse wave detection meansit has the acceleration 
pulse wave characteristic quantity operation part which calculates at least one of 
each wave height of the acceleration pulse wave signal outputted from said 
acceleration pulse wave operation partthe ratio of each of said wave heightand 
said the time intervals between each wave as acceleration pulse wave 
characteristic quantity. 

[0017]And acceleration pulse wave operation part calculates the acceleration 
pulse wave which is the secondary differentiation of a pulse wave based on the 
pulse wave signal outputted from a pulse wave detection meansin order that 
acceleration pulse wave characteristic quantity operation part may calculate at 
least one of each wave height of an acceleration pulse wave signalthe ratio of 
each of said wave heightand said the time intervals between each wave as 
acceleration pulse wave characteristic quantity and a blood-pressure calculating 
means may calculate blood pressure based on acceleration pulse wave 
characteristic quantityEven if it becomes hypertension and arteriosclerosis and 



pulse wave form changesblood pressure can be measured with sufficient accuracy. 
[0018]The blood-pressure-measurement equipment concerning Claim 6 of this 
invention has two or more pulse wave primary detecting elements where a pulse 
wave detection means detects the pulse wave of the part by which a human body 
is difFerentA characteristic quantity calculating means has pulse wave propagation 
time and the pulse wave propagation characteristic quantity operation part which 
calculates at least one of the pulse wave velocity as pulse wave propagation 
characteristic quantity based on the pulse wave signal from said pulse wave 
primary detecting element. 

[001 9]A pulse wave primary detecting element detects the pulse wave of the part 
by which a human body is difFerentand pulse wave propagation characteristic 
quantity operation part based on a pulse wave signal And pulse wave propagation 
timein order that at least one of the pulse wave velocity may be calculated as 
pulse wave propagation characteristic quantity and a blood-pressure calculating 
means may calculate blood pressure based on pulse wave propagation 
characteristic quantityWhile there is no complicatedness of wearing like a heart 
potential electrodepulse wave propagation characteristic quantity can be 
calculated and user-friendliness improveseven if it becomes hypertension and 
arteriosclerosis and pulse wave form changesblood pressure can be measured with 
sufficient accuracy. 

[0020]A characteristic quantity calculating means makes at least one of the height 
of a human bodyweightsexand the age the amount of physical featuresand the 
blood-pressure-measurement equipment concerning Claim 7 of this invention has 
the amount input part of physical features which can be inputted. 
[0021]And since a blood-pressure calculating means calculates blood pressure 
based on the amount of physical features inputted into the amount input part of 
physical featurespracticality can be improvedand also blood pressure can be 
measured with sufficient accuracy. 

[0022]As for the blood-pressure-measurement equipment concerning Claim 8 of 
this inventiona blood-pressure calculating means calculates blood pressure based 
on at least one of pulse wave characteristic quantityspeed pulse wave 
characteristic quantityacceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical features. 
[0023]And since a blood-pressure calculating means calculates blood pressure 
based on at least one of pulse wave characteristic quantityspeed pulse wave 
characteristic quantityacceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical featureseven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesblood 
pressure can be measured with sufficient accuracy. 

[0024]The blood-pressure-measurement equipment concerning Claim 9 of this 
invention has a reference-value input part with a blood-pressure calculating 
means able to input the reference value of blood pressureand can amend the 
relation between at least one of pulse wave characteristic quantityspeed pulse 
wave characteristic quantityacceleration pulse wave characteristic quantitypulse 



wave propagation characteristic quantityand the amounts of physical featuresand 
the blood pressure to calculate. 

[0025]And since a relation with the blood pressure calculated with the inputted 
reference value with at least one of pulse wave characteristic quantityspeed pulse 
wave characteristic quantityacceleration pulse wave characteristic quantitypulse 
wave propagation characteristic quantityand the amounts of physical features can 
be amendedFor exampleit can respondeven if there is change of a user's blood 
circulation moving state by agingbody changemovementposture changeetc. or a 
user changesand practicality can be improvedand also blood pressure can be 
measured with sufficient accuracy. 

[0026]A blood pressure value calculating means makes the reference value of 
blood pressure a teacher signaland the blood-pressure-measurement equipment 
concerning Claim 1 0 of this invention learns the relation between at least one of 
pulse wave characteristic quantityspeed pulse wave characteristic 
quantityacceleration pulse wave characteristic quantitypulse wave propagation 
characteristic quantityand the amounts of physical featuresand the blood pressure 
to calculate. 

[0027]And the relation of the characteristic quantity information and the 
reference-value signal of the blood pressure from a reference-value input part 
which are acquired from the characteristic quantity signal from a characteristic 
quantity calculating means is learned gradually on the spotSince it comes to 
output the blood pressure corresponding to the characteristic quantity information 
from a characteristic quantity calculating means even when he has no amendment 
by the input of a reference value eventuallythe accuracy of blood pressure 
measurement improves. 

[0028]A pulse wave detection means can equip at least one part of the digiti- 
manus pointan earlobethe digiti-pedis pointthe upper arma wristthe neckand a 
thorax with the blood-pressure-measurement equipment concerning Claim 1 1 of 
this inventionand it detects the pulse wave of said part. 
[0029]And since a pulse wave is easily detectable by a pulse wave detection 
means by any partuser^riendliness can be improved. 

[0030]The blood-pressure-measurement equipment concerning Claim 1 2 of this 
invention is provided with the following. 

The 1st pulse wave primary detecting element where a pulse wave detection 
means detects a pulse wave from the digiti-manus point. 

The 2nd pulse wave primary detecting element which adjoins the 1st pulse wave 
primary detecting elementis established and detects a pulse wave from parts other 
than said fingertip. 

[0031 ]And since the 1st pulse wave primary detecting element and the 2nd pulse 
wave primary detecting element adjoina miniaturization can be attained and it is 
convenient to carry. 

[0032]The blood-pressure-measurement equipment concerning Claim 1 3 of this 
invention has a light-emitting part and a light sensing portion for the 1 st pulse 



wave primary detecting element and the 2nd pulse wave primary detecting element 
to detect a pulse wave by a photoelectrical pulse wave systemrespectivelyand 
both light-emitting parts are shared. 

[0033]And since both light-emitting parts are sharedthey can perform reduction of 
parts and their practicality is high. The blood-pressure-measurement equipment 
concerning Claim 14 of this invention consists of a pressure sensor with which the 
2nd pulse wave primary detecting element detects pulse pressure. 
[0034]And since a pressure pulse wave is detected from the neck or a thorax and 
a pulse wave can be detected in the position near the heartthe arithmetic 
precision of pulse wave propagation time and pulse wave velocity can be improved. 
[0035]The blood-pressure-measurement equipment concerning Claim 1 5 of this 
invention consists of a microphone with which the 2nd pulse wave primary 
detecting element detects a heartbeat. 

[0036]And since the vibration and the heartbeat by the beat of the heart are 
detectedthe arithmetic precision of pulse wave propagation time and pulse wave 
velocity can be improved. 

[0037]The blood-pressure-measurement equipment concerning Claim 16 of this 
invention has a storage parts store which memorizes the blood pressure which the 
blood pressure value calculating means calculated. 

[0038]And since it is renewable by a blood-pressure calculating means at any 
timethe trend of the decision value from the pastetc. understand the memorized 
valueand it is useMriendly. 

[0039]Blood-pressure-measurement equipment concerning Claim 17 of this 
invention has a display which displays blood pressure which a blood pressure value 
calculating means calculated. 

[0040]And a display of real time and the memorized past data can be displayed at 
any timeand it is user-friendly. 

[0041]Blood-pressure-measurement equipment concerning Claim 18 of this 
invention has an alarm generating part which generates an alarmwhen blood 
pressure which a blood pressure value calculating means calculated deviates from 
a normal range set up beforehand. 

[0042]And since an alarm generating part generates an alarm when calculated 
blood pressure deviates from a normal rangeabnormalities of the body under 
sleeping and work can be checkedfor exampleand it is useful for health care. 
[0043]Blood-pressure-measurement equipment concerning Claim 19 of this 
invention has a terminal area for communication for a blood pressure value 
calculating means to perform communication with an external medium. 
[0044]And since communication with an external medium is performed via a 
terminal area for communicationrenewal of intensive health care in an external 
medium or required information can be performedand user-friendliness can be 
improved. 

[0045]Hereafteran embodiment of this invention is described using Drawings. 
(Embodiment 1) Drawing 1 is a block diagram of blood-pressure-measurement 
equipment of Embodiment 1 of this inventionand drawing 2 is an outline view of the 



equipment. This example is a thing in a case of measuring blood pressure in a 
finger tip part. In drawing 1 8 is a pulse wave detection means to detect a pulse 
wave of a finger tip part produced by blood circulation of a human bodyand it has 
the pulse wave amendment part 10 which amends a pulse wave signal at intervals 
of a pulse wave while it calculates a pulse wave interval from a pulse wave signal 
outputted from photoelectricity type the pulse wave primary detecting element 9 
and the pulse wave primary detecting element 9. 1 1 is a characteristic quantity 
calculating means which calculates characteristic quantity relevant to blood 
pressure based on a pulse wave signal outputted from the pulse wave detection 
means SPulse wave characteristic quantity from the pulse wave signal itself. The 
acceleration pulse wave operation part 1 5 which calculates the speed pulse wave 
characteristic quantity operation part 14 which calculates speed pulse wave 
characteristic quantityand an acceleration pulse wave which is the secondary 
differentiation of a pulse wave signal from the pulse wave characteristic quantity 
operation part 1 2 to calculatethe speed pulse wave operation part 1 3 which 
calculates a speed pulse wave which is the primary differentiation of a pulse wave 
signaland a speed pulse wavelt has the acceleration pulse wave characteristic 
quantity operation part 16 which calculates acceleration pulse wave characteristic 
quantity from an acceleration pulse waveand the amount input part 1 7 of physical 
features which can input the amount of physical features. 18 is a blood-pressure 
calculating means which calculates blood pressure based on a characteristic 
quantity signal outputted from the characteristic quantity calculating means 
11 Pulse wave characteristic quantityspeed pulse wave characteristic 
quantityacceleration pulse wave characteristic quantitypulse wave propagation 
characteristic quantityBased on at least one of the amounts of physical 
featuresblood pressure. When it deviates from a normal range where the blood- 
pressure operation part 19 to calculatethe reference-value input part 20 which 
can input a reference value of blood pressurethe storage parts store 21 which 
memorizes calculated blood pressurethe display 22 which displays calculated blood 
pressureand calculated blood pressure were set up beforehandit has the alarm 
generating part 23 which generates an alarm. 

[0046]In drawing 2 24 is a main part of blood-pressure-measurement equipment of 
this exampleand the main part 24 comprises the pulse wave detection means 8 
and the signal processing unit 25. The pulse wave detection means 8 and the 
signal processing unit 25 are being connected by crookedness and the elastic 
terminal area 26 so that it can respond to a size of a finger when a finger is 
equipped with a main partcrookedness of a knuckleetc. When 27 measures a digital 
pulse waveit is an insert portion for inserting a fingertipit has the elastic section 
28 which can be expanded and contracted according to thickness of a fingerand it 
is designed so that even the 1st joint of a finger can insert enough. The insert 
portion 27 is equipped with the 1st light-emitting part 29 and 1st light sensing 
portion 30 as the pulse wave primary detecting element 9. When the 1st light- 
emitting part 29 and 1st light sensing portion 30 measure a photoelectrical 
plethysmogramthey are using what is generally usedbut. A light emitting diode and 



a photo-transistor are usedor a lamp which has preferably the wavelength of 
5000-8000 A which is an extinction belt of hemoglobin in the 1st light-emitting 
part 29 is usedand a phototube element of selenium vulcanization-ized cadmium is 
used for the 1st light sensing portion 30. The insert portion 27 is good also as 
foldable composition using the elastic section 28. Although it is the composition 
that quantity of light which penetrates a fingertip which carried out the right 
opposite of the 1st light-emitting part 29 and 1st light sensing portion 30and 
inserted them in the above detects a pulse waveit is good also as composition 
which detects a reflected light from a fingertip which made the 1st light-emitting 
part 29 and 1st light sensing portion 30 adjoinand was insertedand detects a pulse 
wave. The signal processing unit 25 has the characteristic quantity calculating 
means 1 1 and the blood-pressure calculating means 18and the amount input part 
1 7 of physical featuresthe reference-value input part 20the display 22and the 
alarm generating part 23 are installed in the surface. 31 is a terminal area for 
communication for performing communication with the main part 24 and an 
external medium. Although a drive of the main part 24 performs a cell built in an 
inside of a main part as a power supplyit may supply a power supply from the 
exterior via a terminal of the terminal area 31 for communication. 
[0047]Nextoperation and an operation are explained. A fingertip is inserted in the 
insert portion 27the digiti-manus point is equipped with the main part 24 like 
drawing 3 and measurement of blood pressure is started. Drawing 4 is a flow chart 
in the case of blood pressure measurement. A pulse wave is first detected by ST1. 
Herethe pulse wave primary detecting element 9 (the 1st light-emitting part 29the 
1st light sensing portion 30) detects a digital pulse wave. The general form of the 
detected pulse wave is shown in drawing 5 (a) and drawing 6 (b). Drawing 5 (a) is a 
pattern of pulse wave which is seen by the youth with mainly normal blood 
pressureand is called a normal catacrotic wave. Drawing 6 (a) is a pattern of pulse 
wave which is seen by a hypertension person and elderly people and is called an 
anacrotic wave. Since agitation of a baseline may arise by motion of the body 
etc.the pulse wave amendment part 1 0 extracts two or more patterns of pulse 
wave in every beat from a pulse wave signaland doubles and averages a 
baselineand the pulse wave signal which the pulse wave primary detecting element 
9 detected asks for an average pattern of pulse wave. And based on this 
waveformthe pulse wave amendment part 10 searches for the pulse wave interval 
Pi (ST2)and amends the time-axis of the original pattern of pulse wave if needed. 
(ST3) It is because this needs to amend individual difference about a time factor 
among the characteristic quantity of the pattern of pulse wave which there is 
individual difference in a pulse rate and is mentioned later. About a correction 
formulathe formula of Bazzet (BazzetHC.1920) shown by (several 1) is used. 
[0048] 

[Mathematical formula 1] 



[0049]Nextthe characteristic quantity calculating means 1 1 calculates 



characteristic quantity based on the pulse wave signal from the pulse wave 
amendment part 10 by ST4. How to calculate characteristic quantity using drawing 
5_- drawing 7 is explained. In drawing 5 and drawing 6 (b) is calculated by the speed 
pulse wave operation part 1 3 by the waveform of the speed pulse wave which 
differentiated the primary pulse wave, (c) calculates a pulse wave by the 
acceleration pulse wave operation part 15 by the waveform of the acceleration 
pulse wave differentiated the 2nd order. In drawing 5 (a) and drawing 6 (a)as for Sa 
pulse wave risesas for a point and Pthe tidal wave and C call D a notchit is called 
relaxation Mineand A is called before **** for ******** and T. 
[0050]In the pulse wave characteristic quantity operation part 1 2P is called for as 
wave-like maximum points. About TCand Dby drawing 5 (a)since it has appeared 
as a clear peakit can ask as a zero crossing point of a speed pulse wave. When 
ACand D do not appear as a clear peak like drawing 6 (a)it carries out like drawing 
X.and asks for ACand D. Firstabout Afrom a zero crossing point of an acceleration 
pulse wavethe altitude II and 12 are subtracted and the tangent 13 and 14 are 
subtracted in the intersection pi of I1l2and a sphygmogramand p2. When 
subtracting 12 hereand there is no zero crossing point near the point pc of an 
acceleration pulse wave like drawing 7 (c)l2 is subtracted from pgamma of 
maximum points. And the altitude 15 is drawn from the intersection p3 of 13 and 14 
to a baselineand an intersection of 15 and a sphygmogram is set to A. About Cfrom 
a zero crossing point of an acceleration pulse wavethe altitude 16 and 17 are 
subtracted and the tangent 18 and 19 are subtracted in the intersection p4 of 
I6l7and a sphygmogramand p5. And the altitude 110 is drawn from the intersection 
p6 of 18 and 19 to a baselineand an intersection of 110 and a sphygmogram is set to 
C. About Dfrom a zero crossing point of an acceleration pulse wavethe altitude I1 1 
is drawn and the tangent 112 is drawn on the intersection p7 of I1 1 and a 
sphygmogram. And the altitude 113 is drawn from the intersection p8 of 19 and 112 
to a baselineand an intersection of 113 and a sphygmogram is set to D. 
Thusalthough it asks for PTCDand Ait may ask using techniquessuch as wave-like 
pattern recognition. In the pulse wave characteristic quantity operation part 
12after asking for PTCDand A as mentioned aboveat least one of each wave 
height of PTCDand Aa ratio of each of said wave heighttime from a pulse wave 
standup point to said each wavesaid time interval between each wavean integral 
value of a pulse waveand the pulse rates is calculated. As shown in drawing 5 (a) 
and drawing 6 (a)in the case of a normal catacrotic waveas the wave height For 
examplePamong thesein the case of alphabetagammadeltaand an anacrotic 
waveamplitude of APCand D is asked for alphabetagammadeltaand maximum wave 
quantity for amplitude of TCand D as H (it is alpha and beta in the case of an 
anacrotic wave in the case of a normal catacrotic wave)respectively. It asks for 
alpha/beta as a ratio of the wave heightand asks for EI and gamma/H as DI. Tu is 
calculated as time from a pulse wave standup point to each waveand S-P and S-C 
are calculated as Terespectively. As a time interval between each wavean integral 
value to S-P is calculated as an integral value of Tr and a pulse waveand Ispand 
the pulse rate 60/Pi is calculated for P-C as HR. A pulse wave risesit asks to be 



shown in drawing 7 (a) as intersection S' of the tangent 13 and a baselineor the 
point S is good also as S" of turning points (the baseline side) of a sphygmogram 
and the tangent 13. It may ask also about A and C as a turning point (the ******** 
P side) of a sphygmogram and the tangent I3and a turning point (the baseline side) 
with the tangent ISrespectively. 

[0051 ]In the speed pulse wave characteristic quantity operation part 12at least 
one of each wave height of the speed pulse wave signal outputted from the speed 
pulse wave operation part 13the ratio of each of said wave heightthe time from 
said speed pulse wave standup point to said each wavesaid time interval between 
each waveand the zero cross intervals of said speed pulse wave is calculated as 
speed pulse wave characteristic quantity. Among thesefor exampleas shown in 
drawing 5 (b) and drawing 6 (b)it asks for the maximum wave quantity v of a speed 
pulse wave as the wave heightand it asks for the period Tu whose speed pulse 
wave is positive as a time interval between each wave. 

[0052]In the acceleration pulse wave characteristic quantity operation part 16at 
least one of each wave height of the acceleration pulse wave signal outputted 
from the acceleration pulse wave operation part 15the ratio of each of said wave 
heightand said the time intervals between each wave is calculated as acceleration 
pulse wave characteristic quantity. Among thesefor exampleas shown in drawing 5 
(c) and drawing 6 (c)it asks for the amplitude aband c of a wave-like maximum 
point and a minimum pointdand e as the wave height. Hereif each maximum point 
and a minimum point are above a baselineif abcdand e are below a baselinethey will 
make a positive value a negative value, b/ac/ad/aand e/a are calculated as a ratio 
of each wave heightand it is referred to as RbRcRdand Rerespectively. 
[0053]It is possible to input at least one of a user's heightweightsexand the age as 
an amount of physical features if needed from the amount input part 1 7 of physical 
features. 

[0054]Although the characteristic quantity relevant to [ as mentioned above ] 
blood pressure in the characteristic quantity calculating means 1 1 is calculatedFor 
exampleit may ask for delta/gamma by a pulse waveor a waveform standing by an 
acceleration pulse wave and finding the time to the top Rika amplitude c etc. may 
calculate other indices which were not shown by the aboveor a differential-of- 
higher-order waveform may be calculated furtherand at least one of the ratio of 
each wave height and each of said wave height and said each of the wave interval 
may be calculated as characteristic quantity. 

[0055]In STSthe blood-pressure calculating means 1 8 calculates blood pressure 
from the judgment line set up beforehand. This judgment line and an operation 
procedure are explained using drawing 8 - drawing 13 , Drawing 8 shows the 
judgment line LI in the case of calculating the blood pressure BPusing EI and DI 
as characteristic quantityand L2. LI is an object for maximal blood pressureand L2 
is an object for the lowest blood pressure here. Blood pressure will tend to 
become high if EI of EI is small in relation to the elasticity of an arterial canal wall. 
Blood pressure will tend to become high if DI of DI is large in relation to the caliber 
of an arterial canali.e.the stress degree of an arterial canal. In the blood-pressure 



operation part IQhighest-blood-pressure BP1 and lowest-blood-pressure BP2 
calculate from EIO and DI based on drawing 8 . Drawing 9 shows the judgment line 
L3 in the case of calculating the blood pressure BPusing Tu and Te as 
characteristic quantityand L4. L3 is an object for maximal blood pressureand L4 is 
an object for the lowest blood pressure here. Blood pressure will tend to become 
high if Tu of Tu is large in relation to time until an open back center shrinkage 
force reaches the maximum in an aortic valve. Blood pressure will tend to become 
high if Te of Te is large in relation to the time which the aortic valve has opened 
wide. In the blood-pressure operation part 1 9highest-blood-pressure BP3 and 
lowest-blood-pressure BP4 calculate from TuO and Te based on drawing 9 . 
Drawing 10 shows the judgment line L5 in the case of calculating the blood 
pressure BPusing TuO and v as characteristic quantityand L6. L5 is an object for 
maximal blood pressureand L6 is an object for the lowest blood pressure here. 
Blood pressure will tend to become high if Tu of pulse wave velocity is large since 
the time is also short when blood is smoothly sent [ as for Tu ] into the tip in 
addition to the above-mentioned as mentioned above in relation to the size of 
vascular resistance positive. Blood pressure will tend to become high if v of v is 
small in relation to the speed to which a pulse wave rises. In the blood-pressure 
operation part 1 9highest-blood-pressure BPS and lowest-blood-pressure BP6 
calculate from TuO and v based on drawing 10 , Drawing 1 1 shows the judgment 
line L7 in the case of calculating the blood pressure BPusing Rb and Rd as 
characteristic quantityand L8. L7 is an object for maximal blood pressureand LB is 
an object for the lowest blood pressure here. Blood pressure will tend to become 
high if the negative value of Rb of Rb is small in relation to the cardiac output of 
the heart. Blood pressure will tend to become high if the negative value of Rd of 
Rd is large in relation to the size of the burden of the heart. In the blood-pressure 
operation part 1 9highest-blood-pressure BP7 and lowest-blood-pressure BPS 
calculate from Rb and Rd based on drawing 11 . Drawing 12 shows the judgment 
line L9 in the case of calculating the blood pressure BPusing EIO and age as 
characteristic quantityand L10. L9 is an object for maximal blood pressureand L10 
is an object for the lowest blood pressure here. EI is as above-mentionedand 
blood pressure tends to become high as age becomes high. In the blood-pressure 
operation part 19highest-blood-pressure BP9 and lowest-blood-pressure BP10 
calculate from EIO and age based on drawing 12 . Drawing 1 3 shows the judgment 
line L1 1 in the case of calculating the blood pressure BPusing TuO and Rd as 
characteristic quantityand LI 2. L1 1 is an object for maximal blood pressureand 
LI 2 is an object for the lowest blood pressure here. It is as [ Rd / TuO and ] 
above-mentioned. In the blood-pressure operation part 1 9highest-blood-pressure 
BP1 1 and lowest-blood-pressure BP12 calculate from TuO and Rd based on 
drawing 1 3 . 

[0056]If the reference value of blood pressure is inputted into the reference-value 
input part 20amendment of a judgment line will be performed by ST7 ST6. Drawing 
14 is explained to an example for the concrete procedure of amendment. It is for 
drawing 14 amending the judgment line LI and L2 which calculate the blood 



pressure BP based on EI and DI which were shown in drawing 8 . In order to explain 
simplyDI assumes that it is fixing. During EIO' measurementblood-pressure BP1' 
and BP2' are simultaneously measured with a cuff-type sphygmomanometerand it 
inputs from the reference-value input part 20 by making these values into a 
reference value. In ST7the blood-pressure operation part 19 performs amendment 
of judgment line LI and L2 based on the inputted reference value. That isif the 
point p8 and p9 can be found by reference-value EIO'BPTand BP2' from drawing 
1_4paralle[ translation of the judgment line L1 and L2 will be carried out so that it 
may pass along p8 and pQand the newly made judgment line is made into LI' and 
L2'. Henceforththe blood-pressure operation part 20 calculates EIO to BPIand 
BP2 using judgment line LV and L2'. When there is no input of a reference value 
STBthe blood-pressure operation part 20 does not amend a judgment line. 
[0057]The blood pressure called for by doing in this way in ST8 is memorized to 
the storage parts store 21 and blood pressure is displayed on the display 22 in ST9. 
It can reproduce at any time and the value memorized by the storage parts store 
21 can be displayed on the display 22. When the calculated blood pressure 
deviates from the normal range set up beforehandthe alarm generating part 23 
generates an alarm in ST10 and ST1 1. It may be made to report generating of an 
alarm to the 3rd person who is in the place which is distant from a user by a cable 
or radio. The blood pressure value calculated and memorized can communicate via 
the terminal area 31 for communication to external mediasuch as an external 
monitora centralized control devicea personal computerand a cellular phone. It is 
also possible to perform the input of characteristic quantity or a reference valuea 
judgment linerenewat of the normal range for an alarm occurrenceetc. via the 
terminal area 31 for communication from an external medium. 
[0058]The result chosen by for examplethe test subject experiment etc. can be 
processed with a statistical techniqueand the above-mentioned judgment line can 
search for it. The characteristic quantity at the time of asking for a judgment line 
is not what is limited to the range of the above-mentioned embodimentit may ask 
for a judgment line from at least onesuch as characteristic 

quantityheightweightsexetc. which are chosen more than from other characteristic 
quantity calculated by the characteristic quantity calculating means 1 1for 
examplealpha-deltaHRPidelta/gammalspa-eRcReacceleration pulse wave each 
wave intervaland the 4th differential waveform of a pulse wave. Although blood 
pressure was calculated from at least two characteristic quantity in the above- 
mentioned embodimentblood pressure may be calculated from three or more 
characteristic quantity. 

[0059]In this exampleas shown in drawing 2 and drawing 3 it was the composition of 
detecting a pulse wave of a fingertipbut it is good also as composition which 
detects a photoelectrical pulse wave from an earlobe or the digiti-pedis pointand 
composition which detects a pressure pulse wave of main arteries from the upper 
arma wristthe neckand a thorax. In this caseas composition which detects a 
photoelectrical pulse wavethe 1st light-emitting part 29 and 1st light sensing 
portion 30 as shown in the above-mentioned embodiment are used according to a 



detection part. It is good to use a pressure sensor and an acceleration sensorfor 
exampleand to use sensorssuch as a desirable flexible polymer piezoelectric 
sensor of film stateand a strain gageas composition which detects a pressure 
pulse waveaccording to a detection part. 

[0060]In order according to the Embodiment 1 of this invention to calculate 
characteristic quantity relevant to blood pressure and to calculate blood pressure 
based on calculated characteristic quantity from a detected pulse wave 
signalComplicatedness of operation of only a pulse wave sensor in the case of 
blood pressure measurement of a sensor with which a human body is equipped is 
lostand in order to calculate characteristic quantity relevant to blood pressure and 
to measure blood pressureeven if pulse wave form changesit can measure blood 
pressure with sufficient accuracywhile prolonged ream measurement also becomes 
possible and can improve user-friendliness. 

[0061]Since a pulse wave amendment part amends a pulse wave signal at intervals 
of a pulse waveblood pressure can be calculated with sufficient accuracy 
irrespective of the size of a pulse. 

[0062]Wave characteristic quantity operation part Each wave height of a pulse 
wave signalthe ratio of each of said wave heightthe time from a pulse wave 
standup point to said each waveSince at least one of said time interval between 
each wavethe integral value of a pulse waveand the pulse rates is calculated as 
pulse wave characteristic quantity and a blood-pressure calculating means 
calculates blood pressure based on pulse wave characteristic quantityeven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesblood 
pressure can be measured with sufficient accuracy. 

[0063]Speed pulse wave operation part calculates the speed pulse wave which is 
the primary differentiation of a pulse waveand speed pulse wave characteristic 
quantity operation part Each wave height of a speed pulse wave signalThe ratio of 
each of said wave heightthe time from said speed pulse wave standup point to said 
each wavesaid time interval between each waveSince at least one of the zero 
cross intervals of said speed pulse wave is calculated as speed pulse wave 
characteristic quantity and a blood-pressure calculating means calculates blood 
pressure based on speed pulse wave characteristic quantityeven If it becomes 
hypertension and arteriosclerosis and pulse wave form changesblood pressure can 
be measured with sufficient accuracy. 

[0064]Acceleration pulse wave operation part calculates the acceleration pulse 
wave which is the secondary differentiation of a pulse wave based on the pulse 
wave signal outputted from a pulse wave detection meansin order that 
acceleration pulse wave characteristic quantity operation part may calculate at 
least one of each wave height of an acceleration pulse wave signalthe ratio of 
each of said wave heightand said the time intervals between each wave as 
acceleration pulse wave characteristic quantity and a blood-pressure calculating 
means may calculate blood pressure based on acceleration pulse wave 
characteristic quantityEven if it becomes hypertension and arteriosclerosis and 
pulse wave form changesblood pressure can be measured with sufficient accuracy. 



[0065]Since a blood-pressure calculating means calculates blood pressure based 
on the amount of physical features inputted into the amount input part of physical 
featurespracticality can be improvedand also blood pressure can be measured with 
sufficient accuracy. 

[0066]Since a relation with the blood pressure calculated with the inputted 
reference value with at least one of pulse wave characteristic quantityspeed pulse 
wave characteristic quantityacceleration pulse wave characteristic quantityand the 
amounts of physical features can be amendedFor exampleit can respondeven if 
there is change of a user's blood circulation moving state by agingbody 
changemovementposture changeetc. or a user changesand practicality can be 
improvedand also blood pressure can be measured with sufficient accuracy. 
[0067]It has a storage parts store which memorizes ****** which the blood- 
pressure calculating means calculatedand since it is renewable by a blood- 
pressure calculating means at any timethe trend of the decision value from the 
pastetc. understand the memorized valueand it is user-friendly. 
[0068]Since it has a display which displays the blood pressure which the blood 
pressure value calculating means calculatedthe display of real time and the 
memorized past data can be displayed at any timeand it is user-friendly. 
[0069]Since an alarm generating part generates an alarm when the calculated 
blood pressure deviates from a normal rangethe abnormalities of the body under 
sleeping and work can be checkedfor exampleand it is useful for the health care. 
[0070]Since it has a terminal area for communication for a blood pressure value 
calculating means to perform communication with an external medium and 
communication with an external medium is performedrenewal of the intensive 
health care in an external medium or required information can be performedand 
user-friendliness can be improved. 

[0071](Embodiment 2) The block diagram drawing 1 6 and drawing 1 7 which drawing 
1 5 shows the blood-pressure-measurement equipment of Embodiment 2 of this 
invention are an outline view of the equipment. 

[0072]In this example 2as for a different point from Embodiment Ithe pulse wave 
detection means 8 has two or more pulse wave primary detecting elements 9a-9n 
which detect the pulse wave of the part by which a human body is differentThe 
characteristic quantity calculating means 1 1 based on the pulse wave signal from 
the pulse wave primary detecting elements 9a-9n Pulse wave propagation timelt 
has the pulse wave propagation characteristic quantity operation part 32 which 
calculates at least one of the pulse wave velocity as pulse wave propagation 
characteristic quantityWhile the blood-pressure calculating means 18 calculates 
blood pressure based on at least one of pulse wave characteristic quantityspeed 
pulse wave characteristic quantityacceleration pulse wave characteristic 
quantitypulse wave propagation characteristic quantityand the amounts of physical 
featuresit is the point of making the reference value of blood pressure into a 
teacher signaland learning the relation between at least one of pulse wave 
characteristic quantityspeed pulse wave characteristic quantityacceleration pulse 
wave characteristic quantitypulse wave propagation characteristic quantityand the 



amounts of physical featuresand the blood pressure to calculate. Drawing 16 and 
drawing 1 7 are the outline views of the main part 24 in the case of detecting two 
pulse wavesa fingertip and other parts. Drawing 16 is the figure which looked at 
the insert portion 27 of Embodiment 1 as came to the upper partand the opposite 
side is equipped with the 2nd light-emitting part 33 and 2nd light sensing portion 
34 in this example with the side which inserts the fingertip of the insert portion 27. 
The 2nd light-emitting part 33 and 2nd light sensing portion 34 are constituted so 
that the pulse wave in parts other than a fingertip may be detectedfor 
examplethey have the same structure as the 1 st light-emitting part 29 and the 1 st 
light sensing portion 30. Herein the 1st light-emitting part 29 and 1st light sensing 
portion 30pulse wave primary detecting element 9a'and the 1 st light-emitting part 
33 and 2nd light sensing portion 34 become 2nd pulse wave primary detecting 
element 9b'. [ 2nd ] It is good also as composition which makes the 1st light- 
emitting part 29 and 2nd light-emitting part 33 serve a double purpose as the 
same thing. Drawing 1 7 is the embodiment in which the same place as having 
equipped with the 1 st light-emitting part 29 and 1 st light sensing portion 30 by 
drawing 16 was equipped with the pressure sensor 35 as 2nd pulse wave primary 
detecting element 9b'. The pressure sensor 35 detects vibration by the beat of the 
pressure variation (pressure pulse wave) in the skin surface by the pulse in parts 
other than a fingertipor the heartand comprises the flexible polymer piezoelectric 
sensor and strain gage of film statefor example. 2nd pulse wave primary detecting 
element 9b' may consist of microphones which detect a heartbeat. 
[0073]The thing of Embodiment 1 and identical codes has the same structureand 
explanation is omitted. Nextoperation and an operation are explained. A fingertip is 
inserted in pulse wave primary detecting element 9a' of the insert portion 27while 
equipping a fingertip with the main part 24 like drawing 18 pulse wave primary 
detecting element 9b' is contacted to any one part of an earlobethe neckand the 
thoraxand measurement of blood pressure is started. The following advances 
explanation as a case where an earlobe is made to contact. Since the flow chart in 
the case of blood pressure measurement is the same as that of drawing 4 here 
explains the detailed level procedure of ST4 and ST5 using drawing 4 , If a pulse 
wave is detected by ST1-ST3 and a pulse wave is amended if neededthe 
characteristic quantity calculating means 1 1 will calculate characteristic quantity 
based on the pulse wave signal from the pulse wave amendment part 1 0 by ST4. It 
is as the 1st embodiment having described the operation of pulse wave 
characteristic quantityspeed pulse wave characteristic quantityacceleration pulse 
wave characteristic quantityand the amount of physical features. Herethe 
procedure of calculating the pulse wave propagation time and pulse wave velocity 
as pulse wave propagation characteristic quantity by the pulse wave propagation 
characteristic quantity operation part 32 using drawing 19 and drawing 20 is 
explained. Drawing 19 (a) and (b) shows the pulse wave signal detected by the 
fingertip and the earloberespectively. The pulse wave from an earlobe contacts 
2nd pulse wave primary detecting element 9b' of drawing 1 6 t o an earlobeand 
detects it. From drawing 19 each pulse wave rises and pulse wave propagation time 



is found as the point SI and time lag To of S2. If a user's heightweightsexageetc. 
are beforehand inputted from the amount input part 1 7 of physical featuresBased 
on the inputted amount of physical featuresthe blood circulation path length from 
the heart of an earlobe and each fingertip calculates by the pulse wave 
propagation characteristic quantity operation part 32and the characteristic 
quantity equivalent to pulse wave velocity is obtained by breaking Tc by the 
difference of both length. 

[0074]In ST5the blood-pressure calculating means 18 calculates blood pressure 
from the judgment line set up beforehand. Drawing 20 shows the judgment line LI 3 
in the case of calculating the blood pressure BPusing TuO and Tc as characteristic 
quantityand LI 4. LIS is an object for maximal blood pressureand LI 4 is an object 
for the lowest blood pressure here. It is as having mentioned above about TuO. 
Blood pressure will tend to become high if Tc of Tc is small in relation to the 
resistance degree of an arterial canal. In the blood-pressure operation part 
1 9highest-blood-pressure BP13 and lowest-blood-pressure BP14 calculate from 
TuO and Tc based on drawing 20 . 

[0075]Although the photoelectrical pulse wave was detected from the fingertip and 
the earlobe using the main part 24 shown in drawing 16 in the above-mentioned 
embodimentBy contacting 2nd pulse wave primary detecting element 9b' to the 
neck or a thorax like drawing 18 using the main part 24 shown in drawing 1 7 a 
photoelectrical pulse wave may be detected from a fingertipa pressure pulse wave 
may be detected from the neck or a thoraxand pulse wave propagation time and 
pulse wave velocity may be calculated from a pressure pulse wave and the pulse 
wave of the digiti-manus point. A microphone may detect a heartbeat as a thing 
according to a pulse wavepulse wave propagation time and pulse wave velocity 
may be calculated from the pulse wave of a heartbeat and a fingertipand since 
both sides can detect a pressure pulse wave and a heartbeat in the position near 
[ earlobe ] the heartthe arithmetic precision of pulse wave propagation time and 
pulse wave velocity improves. 

[0076] Nextif the reference value of blood pressure is inputted into the reference- 
value input part 20amendment of a judgment line will be performed by ST7 ST6. In 
the same procedure as Embodiment 1 input the reference value of blood pressure 
and In this casepulse wave characteristic quantityAlthough it may be made to 
amend the relation between at least one of speed pulse wave characteristic 
quantityacceleration pulse wave characteristic quantitypulse wave propagation 
characteristic quantityand the amounts of physical featuresand the blood pressure 
to calculateHerethe reference value of blood pressure into which the blood 
pressure value operation part 1 9 was inputted further is made into a teacher 
signaland amendment of a judgment line is performed by learning the relation 
between at least one of pulse wave characteristic quantityspeed pulse wave 
characteristic quantityacceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical featuresand the 
blood pressure to calculate. The learning technique which imitated the neuron 
network is used as a constituent means of the blood pressure value operation part 



19 which learns. Input data now The pulse wave characteristic quantity from the 
characteristic quantity calculating means 11 speed pulse wave characteristic 
quantityAt least one of acceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical features and 
output data presuppose that it is a blood-pressure signal to the storage parts 
store 21 and the display 22and I think that a desirable output (namelyteacher 
signal) is an output signal from the reference-value input part 20. Let a reference 
value be a value of the blood pressure measured by the cuff-type 
sphygmomanometer. As a neuron network model meansthere are some which were 
shown in document 1 (a PDP modela binary name besides D.E. Rumelhartthe 
Shun'ichi Amari supervision of translation 1989)document 2 (seven persons besides 
the foundation of a neuro computerp102and Kaoru Nakano1990)JP63-55106Betc. 
[0077]The multilayer perceptron which was indicated in document 1 and which was 
known best using the error reverse spreading method as learning algorithm is 
hereafter taken for an exampleand the composition and operation of a concrete 
neuron network model means are explained. 

[0078] Drawing 21 is a key map of the nerve element used as the constitutional 
unit of a neuron network model means. The sigmoid function with which 401-40N 
are false synaptic connection converters which hold the ** type of the nervous 
synaptic connection in drawing 21 40a is an adding machine adding the output from 
the false synaptic connection converters 401-40Nand 40b sets to h the set-up 
nonlinear functionfor examplea threshold[0079] 
[Mathematical formula 2] 

[0080]It is a nonlinear transformation machine which carries out nonlinear 
transformation of the output of the adding machine 40a to be alike. Since Drawings 
became complicatedit omittedbut the entrance cable which receives the 
correcting signal from a correcting means is connected with the false synaptic 
connection converters 401-40N and the nonlinear transformation machine 40b. 
The false synaptic connection converters 401-40N serve as a coupling weight 
coefficient of a neuron network model means. There is operational mode of two 
kindssignal-processing mode and learning modein this nerve element. 
[0081]Hereafteroperation in each mode of a nerve element is explained based on 
drawing 21 . Firstoperation in signal-processing mode is explained. A nerve element 
takes out one output in response to the N inputs XI -Xn. The i-th input signal Xi is 
changed into Wi-Xi in the i-th square and shown false synaptic connection 
converter 40i. It goes into the adding machine 40athe added result y is sent to the 
nonlinear transformation machine 40band the N signals W1 and XI changed with 
the false synaptic connection converters 401-40N - Wn-Xn serve as the final 
output f (yh). Belowoperation of learning mode is explained. The correcting signal 
which expresses the correction amounts delta W1 -delta Wnand delta h of the 
conversion parameter from a correcting means with learning mode for the 
conversion parameters W1 -Wnand h of the false synaptic connection converters 



401-40N and the nonlinear transformation machine 40b is reGeived[0082] 
[Mathematical formula 3] 

[0083]It corrects. Drawing 22 is a key map of a signal conversion means which 
connected the above-mentioned nerve element with 4 paralleland constituted it. 
The following explanation needless to say does not specify the number of a nerve 
element which constitutes this signal conversion means as four pieces. In drawing 
2251 1-544 are false synaptic connection convertersand 501-504 are the addition 
nonlinear transformation machines into which the adding machine 40a explained by 
drawing 21 and the nonlinear transformation machine 40b were packed. In drawing 
22since Drawings became complicated like drawing 2 l it omittedbut an entrance 
cable which receives a correcting signal from a correcting means is connected 
with the false synaptic connection converters 51 1-544 and the addition nonlinear 
transformation machines 501-504. The false synaptic connection converters 511- 
544 also serve as a coupling weight coefficient. About operation of this signal 
conversion meansoperation of a nerve element explained by drawing 21 stands in a 
rowand is made. 

[0084] Drawing 23 is a block diagram showing the composition of the signal 
processing means at the time of adopting the error reverse spreading method as 
learning algorithmand 61 is an above-mentioned signal conversion means. 
Howeverthe nerve element which receives N inputs here is put in order by M piece 
parallel. 62 is a correcting means which computes the correction amount of the 
signal conversion means 61 in learning mode. Hereafterthe operation in the case of 
learning a signal processing means based on drawing 23 is explained. The signal 
conversion means 61 receives N input Sin(X)sand outputs M output Sout(X)s. The 
correcting means 62 receives input signal Sin(X) and output signal Sout(X)and it 
stands by until there is an input of M error signal deltaj(X)s from the signal 
conversion means of an error calculating means or the latter part. Error signal 
deltaj(X) is inputted and it is a correction amount. [0085] 
[Mathematical formula 4] 

[0086]It calculates and a correcting signal is sent to the signal conversion means 
61. The signal conversion means 61 corrects the conversion parameter of an 
internal nerve element according to the learning mode explained in the top. 
[0087] Drawing 24 is a block diagram showing the composition of the multilayer 
perceptron which used the neuron network model means? 1X71Yand 71 Z are signal 
conversion means which consist of K piecesL piecesand M nerve 
elementsrespectively72X72Yand 72Z are correcting meansand 73 is an error 
calculating means. The operation is explained about the multilayer perceptron 
constituted as mentioned aboveref erring to drawing 24 . In the signal processing 
means 70Xthe signal conversion means 71 X receives input Siin(X) (i=1-N)and 
outputs output Sjout(X) 0=1 -K). The correcting means 72X receives signal Siin(X) 



and signal Sjout(X)and it stands by until error signal deltaj(X) 0=1 -K) is inputted. 
The same processing as the following is performed in the signal processing means 
70Y and 70Zand the signal conversion means 71 Z-twist final output Shout (Z) and 
(h=1-M) is outputted. The final output Shout (Z) is sent also to the error 
calculating means 73. In the error calculating means 73an error with the Ideal 

output T (T1 TM) is calculated by being based on being shown in the valuation 

function COST following of a square error (formula 5)and error signal deltah (Z) is 

sent to the correcting means 72Z. 

[0088] 

[Mathematical formula 5] 

[0089]Howevermu is a parameter which defines the learning speed of multilayer 
perceptron. Nextit is an error signal when a valuation function is made into a 
square error[0090] 
[Mathematical formula 6] 

[0091 ]It becomes. The correcting means 72Z calculates correction amount 
delta[ of the conversion parameter of the signal conversion means 71Z ] W (Z) 
according to the procedure explained in the topThe error signal sent to the 
correcting means 72Y is calculated based on (the formula 7)correcting signal 
deltaW (Z) is sent to the signal conversion means 71 Zand the error signal delta (Y) 
is sent to the correcting means 72Y. The signal conversion means 71 Z corrects an 
internal parameter based on correcting signal deltaW (Z). The error signal delta (Y) 
is given by (the formula 7). 
[0092] 

[Mathematical formula 7] 

[0093]Herewij (Z) is a conversion parameter of the false synaptic connection 
converter of the signal conversion means 71Z. Hereaftersame processing is 
performed in the signal processing means 70X and 70Y. By repeating the 
procedure of the more than called study and performing itmultilayer perceptron will 
come to take out the output which approximates the ideal output T wellif an input 
is given. Although three steps of multilayer perceptron were usedhow many steps 
may this be in the above-mentioned explanation? Although omitted for 
simplification of explanation about the method of the study improvement in the 
speed known as an inertial term as it is about the method of correcting conversion 
parameter h of the nonlinear transformation means in the signal conversion means 
in document Ithis abbreviation does not restrain this invention. 
[0094]Thusthe blood-pressure operation part 1 9 with a neuron network model 
meansThe pulse wave characteristic quantity from the characteristic quantity 
calculating means 11 speed pulse wave characteristic quantityacceleration pulse 



wave characteristic quantityAlso when it is not easy to describe with an easy rule 
what kind of operation is preferred using the information acquired from 
characteristic quantity signalssuch as pulse wave propagation characteristic 
quantity and the amount of physical featuresand the output signal of the 
reference-value input part 20study can express in a natural form based on the 
past experience. 

[0095]In other wordsthe blood-pressure operation part 19 by learning gradually the 
relation of the characteristic quantity information and the reference-value signal 
of the blood pressure from the reference-value input part 20 which are acquired 
from the characteristic quantity signal from the characteristic quantity calculating 
means 1 1 on the spotEven when he has no amendment by the input of a reference 
value eventuallyit comes to output the blood pressure corresponding to the 
characteristic quantity information from the characteristic quantity calculating 
means 1 1 . If the blood pressure which the user newly calculated using the 
reference-value input part 20 is corrected when the still more nearly same user 
also changes the posture at the time of measurementother users from whom a 
form is different use it or it measures during movementthe blood-pressure 
operation part 19 also follows this by study. 

[0096]By the wayas a constituent means of the blood-pressure operation part 19 
which learnsa competition pattern classification type vector quantization learning 
method suitable for the additional study instead of the error reverse spreading 
method etc. may be used. Not using the learning technique which imitated the 
neuron networktechniquessuch as a table lookup method based on a suitable 
ruleartificial intelligencea genetic algorithmmay be used. 
[0097]According to the Embodiment 2 of this inventiona pulse wave primary 
detecting element detects the pulse wave of the part by which a human body is 
difFerentln order that pulse wave propagation characteristic quantity operation 
part may calculate at least one of pulse wave propagation time and the pulse wave 
velocity as pulse wave propagation characteristic quantity based on a pulse wave 
signal and a blood-pressure calculating means may calculate blood pressure based 
on pulse wave propagation characteristic quantityWhIle there is no 
complicatedness of wearing like a heart potential electrodepulse wave propagation 
characteristic quantity can be calculated and user-friendliness improveseven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesblood 
pressure can be measured with sufficient accuracy. 

[0098]Since a blood-pressure calculating means calculates blood pressure based 
on at least one of pulse wave characteristic quantityspeed pulse wave 
characteristic quantityacceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical featureseven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesblood 
pressure can be measured with sufficient accuracy. 

[0099]A relation of characteristic quantity information and a reference-value 
signal of blood pressure from a reference-value input part which are acquired from 
a characteristic quantity signal from a characteristic quantity calculating means is 



learned gradually on the spotsince it comes to output blood pressure 
corresponding to characteristic quantity information from a characteristic quantity 
calculating means even when he has no amendment by an input of a reference 
value eventuallyit is effective in accuracy of blood pressure measurement being 
markedly alikeand improving rather than Embodiment 1. 

[0100]Since It has the 2nd pulse wave primary detecting element which a pulse 
wave detection means adjoins the 1st pulse wave primary detecting element which 
detects a pulse wave from the digiti-manus pointand the 1st pulse wave primary 
detecting elementis installedand detects a pulse wave from parts other than said 
fingertipa miniaturization can be attained and it is convenient to carry. 
[0101]The 1st pulse wave primary detecting element and the 2nd pulse wave 
primary detecting element have a light-emitting part and a light sensing portion for 
a photoelectrical pulse wave system to detect a pulse waverespectivelysince both 
light-emitting parts are sharedthey can perform reduction of parts and their 
practicality is high. 

[0102]The 2nd pulse wave primary detecting element consists of a pressure 
sensor which detects pulse pressureand since it detects a pressure pulse wave 
from the neck or a thorax and can detect a pulse wave in a position near the 
heartit can improve arithmetic precision of pulse wave propagation time and pulse 
wave velocity. 

[0103]The 2nd pulse wave primary detecting element is good also as a microphone 
which detects a heartbeatand since it detects the vibration and the heartbeat by 
the beat of the heartit can improve the arithmetic precision of pulse wave 
propagation time and pulse wave velocity. 

[0104]While each characteristic quantity calculated as Embodiments 1 and 2 
described relates to blood pressureFor exampleEI can also judge the right and 
wrong of the blood circulation moving state of human bodies other than blood 
pressure from each characteristic quantityas it said that DI was connected with 
the caliber of an arterial canali.e.the stress degree of an arterial canalin relation to 
the elasticity of an arterial canal wall. In this casealthough the blood circulation 
moving state of a human body may only be judged from each characteristic 
quantity in a certain timeBased on a time change of each characteristic 
quantitythe blood circulation moving state of a human body may bejudgedfor 
examplethe blood circulation moving state of a human body may be judged based 
on the trend of the time series data of each characteristic quantitythe frequency 
analysis result of time series datathe grade of fluctuationchaos natureetc. If it 
does in this waywhile calculating blood pressure based on each characteristic 
quantitythe blood circulation moving state of the human body like the degree of 
arteriosclerosis can be judgedfor examplea decided result can be displayed 
simultaneously with blood pressurethe circulatory system of a human body can be 
evaluated syntheticallyand it is useful for the health care etc. 
[0105] 

[Effect of the Invention]As explained abovein order that the blood-pressure- 
measurement equipment concerning Claim 1 of this invention may calculate the 



characteristic quantity relevant to blood pressure and may calculate blood 
pressure based on the calculated characteristic quantity from the detected pulse 
wave signalWhile the complicatedness of the operation of only a pulse wave sensor 
in the case of blood pressure measurement of the sensor with which a human 
body is equipped is lostand prolonged ream measurement is also attained and 
being able to improve user-friendlinessin order to calculate the characteristic 
quantity relevant to blood pressure and to measure blood pressureeven if pulse 
wave form changesit is effective in the ability to measure blood pressure with 
sufficient accuracy. 

[0106]The blood-pressure-measurement equipment concerning Claim 2 is 
effective in the ability to measure blood pressure with sufficient accuracy 
irrespective of the size of a pulsein order that a pulse wave amendment part may 
amend a pulse wave signal at intervals of a pulse wave. 

[0107]Pulse wave characteristic quantity operation part the blood-pressure- 
measurement equipment concerning Claim 3 Each wave height of a pulse wave 
signalln order that at least one of the ratio of each of said wave heightthe time 
from a pulse wave standup point to said each wavesaid time interval between each 
wavethe integral value of a pulse waveand the pulse rates may be calculated as 
pulse wave characteristic quantity and a blood-pressure calculating means may 
calculate blood pressure based on pulse wave characteristic quantityEven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesit is 
effective in the ability to measure blood pressure with sufficient accuracy. 
[0108]The blood-pressure-measurement equipment concerning Claim 4 calculates 
the speed pulse wave whose speed pulse wave operation part is the primary 
differentiation of a pulse waveSpeed pulse wave characteristic quantity operation 
part Each wave height of a speed pulse wave signalthe ratio of each of said wave 
heightthe time from said speed pulse wave standup point to said each wavein 
order that at least one of said time interval between each wave and the zero cross 
intervals of said speed pulse wave may be calculated as speed pulse wave 
characteristic quantity and a blood-pressure calculating means may calculate 
blood pressure based on speed pulse wave characteristic quantityeven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesit is 
effective in the ability to measure blood pressure with sufficient accuracy. 
[0109]The blood-pressure-measurement equipment concerning Claim 5 calculates 
the acceleration pulse wave which is the secondary differentiation of a pulse wave 
based on the pulse wave signal with which acceleration pulse wave operation part 
is outputted from a pulse wave detection meansin order that acceleration pulse 
wave characteristic quantity operation part may calculate at least one of each 
wave height of an acceleration pulse wave signalthe ratio of each of said wave 
heightand said the time intervals between each wave as acceleration pulse wave 
characteristic quantity and a blood-pressure calculating means may calculate 
blood pressure based on acceleration pulse wave characteristic quantityEven if it 
becomes hypertension and arteriosclerosis and pulse wave form changesit is 
effective in the ability to measure blood pressure with sufficient accuracy. 



[01 10]As for the blood-pressure-measurement equipment concerning Claim 6a 
pulse wave primary detecting element detects the pulse wave of the part by which 
a human body is differentin order that pulse wave propagation characteristic 
quantity operation part may calculate at least one of pulse wave propagation time 
and the pulse wave velocity as pulse wave propagation characteristic quantity 
based on a pulse wave signal and a blood-pressure calculating means may 
calculate blood pressure based on pulse wave propagation characteristic 
quantityWhile there is no complicatedness of wearing like a heart potential 
electrodepulse wave propagation characteristic quantity can be calculated and 
user-friendliness improveseven if it becomes hypertension and arteriosclerosis 
and pulse wave form changesit is effective in the ability to measure blood pressure 
with sufficient accuracy. 

[01 11]Since a blood-pressure calculating means calculates blood pressure based 
on the amount of physical features inputted into the amount input part of physical 
featuresthe blood-pressure-measurement equipment concerning Claim 7 can 
improve practicalityand also it is effective in the ability to measure blood pressure 
with sufficient accuracy. 

[01 12]In order thatas for the blood-pressure-measurement equipment concerning 
Claim 8a blood-pressure calculating means may calculate blood pressure based on 
at least one of pulse wave characteristic quantityspeed pulse wave characteristic 
quantityacceleration pulse wave characteristic quantitypulse wave propagation 
characteristic quantityand the amounts of physical featuresEven if it becomes 
hypertension and arteriosclerosis and pulse wave form changesit is effective in the 
ability to measure blood pressure with sufficient accuracy. 

[01 13]Since the blood-pressure-measurement equipment concerning Claim 9 can 
amend a relation with the blood pressure calculated with the inputted reference 
value with at least one of pulse wave characteristic quantityspeed pulse wave 
characteristic quantityacceleration pulse wave characteristic quantitypulse wave 
propagation characteristic quantityand the amounts of physical features For 
exampleit can respondeven if there is change of a user's blood circulation moving 
state by agingbody changemovementposture changeetc. or a user changesand 
practicality can be improvedand also it is effective in the ability to measure blood 
pressure with sufficient accuracy. 

[0114]The blood-pressure-measurement equipment concerning Claim 10 learns 
gradually the relation of the characteristic quantity information and the reference- 
value signal of the blood pressure from a reference-value input part which are 
acquired from the characteristic quantity signal from a characteristic quantity 
calculating means on the spotSince it comes to output the blood pressure 
corresponding to the characteristic quantity information from a characteristic 
quantity calculating means even when he has no amendment by the input of a 
reference value eventuallyit is effective in the accuracy of blood pressure 
measurement improving. 

[0115]Since a pulse wave detection means can equip at least one part of the 
digiti-manus pointan earlobethe digiti-pedis pointthe upper arma wristthe neckand 



a thorax with the blood-pressure-measurement equipment concerning Claim 1 1 
and a pulse wave can be easily detected by any partit is effective in the ability to 
improve user-friendliness. 

[0116]Since the 1st pulse wave primary detecting element and the 2nd pulse wave 
primary detecting element ac|jointhe blood-pressure-measurement equipment 
concerning Claim 12 can attain a miniaturizationand is effective in being 
convenient to carry. 

[0117]It is effective in the blood-pressure-measurement equipment concerning 
Claim 13 being able to perform reduction of partsand its practicality being 
highsince both light-emitting parts are shared. 

[01 18]It is effective in the ability to improve the arithmetic precision of pulse wave 
propagation time and pulse wave velocity since the blood-pressure-measurement 
equipment concerning Claim 14 detects a pressure pulse wave from the neck or a 
thorax and can detect a pulse wave in the position near the heart from a pressure 
sensor. 

[01 19]It is effective in the ability to improve the arithmetic precision of pulse wave 
propagation time and pulse wave velocity since the blood-pressure-measurement 
equipment concerning Claim 15 detects the vibration and the heartbeat by the 
beat of the heart with a microphone. 

[0120]Since the value the blood-pressure-measurement equipment concerning 
Claim 16 was remembered to be is renewable by a blood-pressure calculating 
means at any timethe trend of the decision value from the pastetc. are known and 
it is effective in being user-friendly. 

[0121]It is effective in the blood-pressure-measurement equipment concerning 
Claim 17 being able to display the display of real timeand the memorized past data 
at any timeand being user-friendly. 

[0122]Since an alarm generating part generates an alarm when the calculated 
blood pressure deviates from a normal rangethe blood-pressure-measurement 
equipment concerning Claim 18 can check the abnormalities of the body under 
sleeping and workfor exampleand is effective in being useful for the health care. 
[0123]It is effective in the ability it to perform renewal of the intensive health care 
in an external mediumor required informationand improve user-friendliness since 
the blood-pressure-measurement equipment furthermore applied to Claim 19 
performs communication with an external medium via the terminal area for 
communication. 
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[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the blood-pressure-measurement equipment of 
Embodiment 1 of this invention 

[Drawing 2] The outline view of the blood-pressure-measurement equipment 
[Drawing 3] The figure showing the mounting parts to the human body of the 



blood-pressure-measurement equipment 

[Drawing 4] The flow chart which shows the blood-pressure-measurement 
procedure of the blood-pressure-measurement equipment 

[Drawing 5] (a) The waveform characteristic figure showing the normal catacrotic 
wave in the blood-pressure-measurement equipment 

(b) The waveform characteristic figure showing the speed pulse wave 

(c) The characteristic figure showing the acceleration pulse wave 

[Drawing 6] (a) The waveform characteristic figure showing the pulse wave of an 
anacrotic wave 

(b) The waveform characteristic figure showing the speed pulse wave 

(c) The waveform characteristic figure showing the acceleration pulse wave 
[Drawing 7] (a) The characteristic figure showing the procedure of calculating the 
characteristic quantity of the anacrotic wave in the blood-pressure-measurement 
equipment 

(b) The characteristic figure showing the procedure of calculating the 
characteristic quantity of the anacrotic wave 

(c) The characteristic figure showing the procedure of calculating the 
characteristic quantity of the anacrotic wave 

[Drawing 8] The characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand EI and DI 
[Drawing 9]T he characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand Tu and Te 
[Drawing 10] The characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand Tu and v 
[Drawing 1 1] The characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand Rb and Rd 
[Drawing 12] The characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand EI and age 
[Drawing 13] The characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand Tu and Rd 
[Drawing 14] The characteristic figure showing the procedure which amends the 
judgment line of the blood pressure in the blood-pressure-measurement 
equipment with a reference value 

[Drawing 15] The block diagram of the blood-pressure-measurement equipment in 
Embodiment 2 of this invention 

[Drawing 16] The outline view of the blood-pressure-measurement equipment 
[Drawing 1 7] The outline view of the blood-pressure-measurement equipment 
[Drawing 18] The figure showing the mounting parts to the human body of the 
blood-pressure-measurement equipment 

[Drawing 19] (a) The characteristic figure showing the procedure of calculating Tc 
in the blood-pressure-measurement equipment 

(b) The characteristic figure showing the procedure of calculating the TC 
[Drawing 20] The characteristic figure showing the relation between the blood 
pressure in the blood-pressure-measurement equipmentand Tu and Tc 



[Drawing 21] The key map of the nerve element used as the constitutional unit of 
the neuron network model means of the blood-pressure-measurement equipment 
[Drawing 22] The key map of the signal conversion means which connected the 
nerve element of the blood-pressure-measurement equipment with 4 paralleland 
constituted it 

[Drawing 23] The block diagram showing the composition of the signal processing 
means at the time of adopting the error reverse spreading method as learning 
algorithm of the blood-pressure-measurement equipment 
[Drawing 24] The block diagram showing the composition of the multilayer 
perceptron using the neuron network model means of the blood-pressure- 
measurement equipment 

[Drawing 25] The block diagram of conventional blood-pressure-measurement 
equipment 

[Drawing 26] The characteristic figure showing the procedure of asking for PTT in 
the blood-pressure-measurement equipment of the formerPITbxand y 
[Explanations of letters or numerals] 

8 Pulse wave detection means 

9 Pulse wave primary detecting element 
9a-9n Pulse wave primary detecting element 
9a' 1 st pulse wave primary detecting element 
9b* 2nd pulse wave primary detecting element 

10 Pulse wave amendment part 

1 1 Characteristic quantity calculating means 

12 Pulse wave characteristic quantity operation part 

1 3 Speed pulse wave operation part 

1 4 Speed pulse wave characteristic quantity operation part 

15 Acceleration pulse wave operation part 

16 Acceleration pulse wave characteristic quantity operation part 

1 7 The amount input part of physical features 

1 8 A blood-pressure calculating means 

20 A reference-value input part 

21 A storage parts store 

22 A display 

23 An alarm generating part 

29 The 1st light-emitting part 

30 The 1st light sensing portion 

31 A terminal area for communication 

32 Pulse wave propagation characteristic quantity operation part 

33 The 2nd light-emitting part 

34 The 2nd light sensing portion 

35 A pressure sensor 
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[0 0 2 9] ^LT0^rtl©g5teTtflR2ZSIiil#atcJ: 

So 

[0 0 3 0] :ti^tSCOn^m^ 2tC]b^A^SifilEig£$IS 

{is iiiRagsiai#K««#©ji5t6^5BRas*saj-rsm i © 
[0 0 3 1 1 ^LTm^(Dm^mtiiSitm2 0)m}gl^tii 

[0 0 3 2] :^m^(Dn^^M^ 3^c6^6^SJ^aE•ll^il« 

m 1 ©iiiR»«ajgi5im 2 <Dii)Ris«jagp*i^?-n-Fn3ffi 

[0 0 3 3] ^-LTJai^O^JtSPliJ^S^nTL^Sfc 
[0 0 3 4] ^LTSgB^fiSgPA^SiliRjfi^SltiJL/DiK 

^cific^ffi^B■^lilR»*ttiiJT*«<D7•■R2^e»lltlfflSI^alil 

2fe»3SJgflDSI»fi|g^ia±-r 5 21 1 6^T* So 

[0 0 3 5] *^B^OSS^:«1 5 tcA^A^SJfllESaSiia 
l±> m2©8lit»SSaigP6vC,N#:&:^tiJt-S?'r^'Ai^63B: 

So 

[0 0 3 6] ^LT'5K<?5gf«JlcJ:Sffi»)-^/u^^«|[U 

[0 0 3 7] *5g^©fis?3Si eicf^f^^Mzm^^m 
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[0 0 3 8] ^Lz^m^ntcmioiKms^mizAiv 

[0 0 4 0] ■?-LT'J7'yU^''ri*<7)S5^^BB1fS-nfcj!S 
[0041] *^B^©fS^R3S 1 8 icti^ti^^SkE.m^^m 

[0 0 4 2] ^LT3llfS-nfcJfllE««IE^eH*jftBKL 

[0 0 4 3] *«B^®it35« 1 9 icib^jb^^jaEao^sia 
[0 0 4 4] ^LTa^ifflfis?gp^^>LT^^g|J^I1*i:® 

[0 0 4 5] Ji(T. *«W<D*^6«>J^^:oL^TElaB*fflt^ 
Ts 8liAft:©Jlai««3ailJ:J:y*l:;«ft^feaJOIiSjgf*i^ 

ttjr^M2««^m^ia:T% )^«sfa)i»(%«imsi!9<»:iiiii-;fi«$ 

*^LTt^«c 1 n*llli{»«til#S8 3b^ea**ti*!R 
%IIR9Ki^tt«SlffSi: 1 2. MSft^OD 1 

*iiRa^3i»r^3SjSM»gsitsp 1 3. ssMasA^Sji 
jsi)iRiS;if^B^dis-r^)iisiiiR~;i&it^sdiii§isi 4. ait 

lfeS»i*!ttet»X:tlSP1 7*WLTl^*. 1 8»»tS[* 
2 0. 3iJS*nrcJlaE*§Bffi-r%fB1tgP2 K 3IJ¥*+i 



^5-tifciE^i5H*aiiK Lfcli^{c»«*«^r 
%^gP2 3:E^LT1^2>o 
[0 0 4 6] ^2(^£t^7. 2 4it:lfimmmcOME.7»j£ 

T\ *<* 2 4 «Mjfi^tij#a 8 1 m^msiL 

^Ktm=L-y h 2 5 <!:«*f***gtJ:g«LfcBt<D}iOD\r 

^^fismifEirosffl^icmT-* « J; -5 tcsate<fci^#«s 

teJK L:T#«gRl«635:#«iSP 2 8 *W L. 1 BS 

7 tci±i)sa6«dtjgi59 1 LT©m 1 «DS3ifiSP2 9 .tm 1 ® 

33^953 0««gJi**lTt^«. SliD«Jtfi|S2 9iS1 

(DS^^2oit^m^mtitiT&^mmT^mz-t&d^izm 

h h^^v-X^^fflt^fcU. »*L<«mi®SI3fcSP2 
9 iZii^=E-ifa fcf XOIIBMS^TJB* 5000~8000 

g3tegP3 OtCtt-feUVlIPfiSlfk* KS-^ACDJtSieSS?^* 

■ffiffi-r^o ffliAais2 7iimtf#*SBP2 s^&ffioTiif y 

^^2 9tm^(DStf^^3 0t^lEn■^^T. mXLtc 

fs 1 <D%3^a: 2 9 1 <7)S3KSP 3 0 t^mm^-^ 

TffiA*4lfcJi5t35)^6©SSt31£*«tll LTMK^^aif 
^m^t LTt.J:L^ fg^jfflSa- -y h 2 5t±1tSS»5S 
1 <fcJfllE3HI#®1 8*^LTi>ys MrW^m 
«A:^gP1 7. S2ifiiA:tlgP2 0. g5rxgP2 2. 
^aJ2 3 6^aEl::^a^nTL^5o 3 1 ti*<t2 4i:^ 

2 4©liEi!ll±*»l?3gPlC|*gaLT»5^7t!!*^5B<h LT 

[0 0 4 7] :^icWii% f^fflfcot^TKi^-rSc «$t* 
JiASP2 7t::J¥AU EI3tDJ:-5lc*<*2 4^#<3D»5t 

iz^SLTME-com^^mitr^. MAitME.m^(om 

-Wimsm^-^ms (a) fcd:tfE16 (b) tCg^xTo IS) 
5 (a) »£(cjfaS(OIE%%€^(^^eniE?g%MIS^ 
<tiq^(S:tl^BlR-K-Sff$T$^o 06 (a) «SlIaE«-^iS 

46 (ST 2) , 7c©iiisaa8je<DiiSfflai*«iE-r«, (s 
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1) T^S-ftSBazzet (Bazzet. H, C. , 1 9 2 0^) ©SC 
[0048] 

[ai] 

[ 0 0 4 9 ] s T 4 T-4#ai«3S»#® 1 1 A^Mififfi 

O]b'e(oBi(»fi^ics^$4^03a«siii-r%. b 

5~E7*fflLNTlt8![«©5R463^*BJB^-r«c 05. H 
6^^:fcL^T (b) 1±1!IS«« 1 ;^(!?a»L/j:)$SM3S©sS?K 
T-iSSMiftiRWaBI 3T'jSI»*+iSo Sfc (c) 
^ 2 :^c«Sti^ Lfcl]nj$SBSifi©-;^J^TDP)$JgBlitifi3?SSP 1 
ST-mmtl^o ms (a) . E6 (a) iZtSl^T. 5 

[0 0 5 0] mmmmmmns^^^ 2^c^5t^T^ pti-»fB 

(a) TttB^Ctftbf— 5^<hLT3StlTt^*f^:^6, m&tHi 
(a) ©JzdICA. C. Dt'^mmiSii^-^^ tLTmtirji 

I 2*5I?-. II. I 2i:BRjRttJgi:©3^J^p K p2 

^c^i^.^Tffi^gl s. i 4*5i<c cct-i 2*51<ri. 

H7 (c) ©J:^Kl)PaSM-»0Dji5p cjftfiSTHfP'J'P 
XiS3bX^tMS-g'«1£:fcjSp I 2 5-3lL'>Tl-^.5c ^ 

LT I 3. I 4«^)32*p 36^e«8li:S«l I 5*51^. 

mmm(o-tiu^nx^is'e>msi\ 6. i 7«gi*. i 

6. I 7 <!:lR3efflil®<!:©5S*p 4. p 5 IcJst^TSIS I 
8. I 9*3l<o ^LTl 8. I 9<D52,'iSp6A^6»tt 

(csui 1 0*51*. 1 1 otm^m»t(o^^^ct 
I 1 1*51*. I 1 1 tfsa^amiKD^^p 7 ic^[,>T 

SHI 1 2*5I<„ -tLT I 9. I 1 2©!ejSp86^6 

msii^msii 1 3*51*. II 3 tsmibmtcD^^.^ 

Dtr^o II©J:-5fcLTP. T. C. D. A*5R46* 

ok^mummmsn i 2 Ti±±s®<t 5 ic lt p . 

T. C. D. A*^46fc^. p. T. C. D. A<DS^j6 
(a) . 06 (a) iC^.T.kolz^'^tLriE'^'^k.miS. 

6. Hui*je©a^ttA. p. c. Domis^^n^n 

a. /3. V. 5. t±i&]S^H (.mmW^i&OiS'^lt 



a. BuPiiS<Dig^li/3) <tLT5R465„ '^^cotttLT 
a//3*E I. t//H*D I <i:LT3<46«o SlS-;fiit±y 
,^.A^6#2?$T-©^P^<t: LTS~P. S~C*^n^n 
Tu. TetLT^tt*. *-»*iSOIISHiai«i LT P 
~C*Tr. |)RaSfiDa»<i<tLTS~PST©a5Mi* 

I s p. mt&meoyp i ^HRiLTARttSo la. as 
»<D±E-fe±yjisstiH7 (a) ic^r^oizmmi 3t 
mnt(D^^.s' tLrmtbtz'j. m^&iiSitmm\ 3 
t(D6imi^ mmm) s- tLT<tmi\ sfcA. cic 
ot>Tt.^n^nafiifitt*g<ts«g I 3 i(3D5Jttj5. mm 

£«PflJ) . Sfgl 8<t(7>^«Sj^ (StefliJ) <i:L7^«6 

[0051] ]£j£afiiiiS4$a»siiiSE 1 iTHmmwii&m 
mm^ 33b'sm^7rn%%jsiiiii-;s«^(D«2SB. mi§3« 

So C(D3-6«>j7l«05 (b) . me (b) tc5^-rJ:-5 
iz^^t LTimmm^(DSL±^M V *5R46. s-;fiffis 

So 

[0 0 5 2] tiD3SjsM-^4t^s>]fiwgi3i 6Timmmm 

Szailtasi 5 6-6iU:^*tiSJDjI)glilR5lS«^©*iSB. 
BufBSifiJSrott. HufB*iKffl5©BSF^HIii8©'i>&<t'fc 

«"05 (c) . 06 (c) tC/T^-rJ:eicsfiB<!:LTl*5ft 
JKcDffi:*:jSSl5ffi'K'^5©liflSa. b. c. d. e*5R» 
So CCT. a. b. c. d. ett#a*^. ft/h^i? 

ffi«!:-rSo SaSOJttLTlib/a. c/a. d/ 
a. e/a*351IU ^•n-5'tlRb. Rc. Rd. Re 

trso 

[0 0 5 3] Mi^|^mmxtl^^ 7t''i=>immiz!;s.cz 

LTA:^-rSCi:<»«Rl1IBT'SSo 
[0054] ±IBa3cfc 3 LT^t^agiS#S 1 1 tiJlQ 

7£^P$F^*3<A6S». ±iBT5^*^A^ofi:ftecDJg^*-3l 

[0 0 5 5] ST 5Tl*^46tSSLfc¥'J^-7-<>3[)^6lfll 
1E>1I»¥S1 8ft'«JllUI*gi»-rSo 08-01 3*fflU 

T c ■< > iiil»^iii*SiB^r So 0 8 iti^m. 
tLTEi to \ *«t^Tjfliff B p^mwr^m-^cDpi 

S^'TVLI. L 2*5^Lrct©T-SSo 3:CTL U± 
©»14i:BliaU E I *i«/Jx5-t><t:Jl[lEtiS<S:SfilRllc 

«So D I itmim<e<oDmmt>-&mim'S(DWi^m^^ 
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JfllffiiSIBgBI 9THiEI8lcS-:3$E I 0 <!: D I A^eSiS 

jiaff B p 1 . simmB piirmm^ti^. msimu 

mt LTT u t T e«fflL^TIIIlEEB P*3?|ir««#© 

U Tu*l^:*:#t^<^:Jfllff^±B<^S^SlRl^=»Sc ^7i:T 
e tt:*:i&M#3b^raaLTt^^B«Mtc|iSaL. T e ti^iz^ 

gtcS-iS^TuOtTeA^eftffiJfllffBPSs RfiJlllff 

BP4A^3ISx!rn«„ El OimWiMtLTTuOtv 

^fflt^TJfiimB p*gtwr««^oD*iM^-<>L s. l 

6«-5^Lfj:t>©-^S«c CCT'L 5(i«*llaffffl. L6 

T u ^^'**t^^:JlaE^^?S< ft*filRli::««= v liMSfiO 
3l-5± tl ©3^ T*-tcBia U V *vJxTt ^,^ t jiiiEits < 
laiRllcSSo JfllffSIJIgBI 9T't4E1 OltSrS^TuO 
^vA^eSKJfilEBPS. SffiI{llSBP6ift9SII;^n 
El 1 1 liltMSi: LT R b t R d ^mi^TMS. B P 

feSo iic:T L 7iig:*ufaEffls L 8t±g<eilaEfflTa6 

^jtciiaau Rd©*®^ifi«:*;*o^tJ^llff^±s<^« 

R d A^SiiSlfilff B P 7 . gffilME BPS ft^JSIlTt-n 

*c 01 iimmmtLTE i oct^K^fflt^TiiaffB 

P*;1l»-r*li#©*U£^'r>L 9. L 1 O^rr.L/ct 

mmtm<^^mmt&^o sss^E.m.^^&^ 9 7»gii 2 

Izm-^itE I 0<>:^f$)b'8jlKllllEBP9. SiSltllSB 

p 1 oi^jsKs-n^c m^ 3immmtLTT uotR 

d^fflL^TJfilff B P*3lgr^Jt-&«DWS5-f >L 1 
1. L I 2«^5^L^ct,©T-SSo CCT'LI 1 t±a±Jfil 
Effl, L 1 2 «»fiJlllEffi-Z?a6«o T u 0 i: R d izlOtN 
Tltmm(Dm<'JT'S>^. J&ESISasi 9Tlill1 3 ICS 
■3'#TuOiiRd3!)^8SaJfilffBP 1 K SfiJfllffBP 

1 26'«gs»3-n-So 

[00 56] S T 6 TH&mmXtt^ 2 0 iCIfilff tOS^il 

^„ ffi iE®Mftet)#)ii«-i2i 1 4*#jiciK^-r*o mi 4 

fiBStcS^LfcE I <tD I lz:S-it*jlliEBP*gil|-rs 
■rs. E I 0' a!l3t(ttl::|^B$tc*7S;<7)Jl[iffH-t«:J;»Jj(a 

ffBPT . BP 2' ^m^LTiitie>o>m^smmt 



tlfcS»fillcS-if*lfllffi3ISa5 1 9 /j^W^^O L 1 . 
L2©1fiiE«:tTdo -r&fc-BEl 4J:ySiifiiE I 

0' , BPT , BP 2' iz:j:y^p8. p9«««*« 

WP*. JlllE3SIISP2 0tti|9J^^-r>L T . L2' 
5ffll.^TE I OA^SBP K BP2^3<46^o teiv ST 
6T«¥fii©A:'D6^^t^lS^. Jlaff3iStgP2 0ttJ|iiJ^^ 

[0 0 5 7] ST8T-ttCOJ;-5tcLT^i66tlfcJlllH 
=&fB1taJ 2 1 icf Bit L. S T 9 TliJfllff 2 2 

«5^2 2{ca5^Rn!iT»«= 3i»*nrcjiiiff3t?^ 

LfciESeH^JftaK Lfcli-g-lcti S T 1 0 J:tf 
5 T 1 1 T-¥l8^^a52 3 6^»ffi*«£-r5o SfB<^>^ 

3«lcfflHI-r*«t-5»::LTt.J:L^o 3ill#ti!E«*tifc 

Jlafffil«jlfiffl4S^gP3 1 *^LT^gpt--s?-^*4'e 

[0 0 5 8] ±fa©¥<JS^-i'>l±«>Jx.««BI«IIS^lJ: 

±iB9li&«iJ<Dl&H(::Rg^;t-ti%t,£D7(i&<. f^mmm. 
W¥ia:1 1 73!»*n«fS<![>^f «ij*«a~6. H 

R^ PK Isp. a~e. Rc. Re. SPJS 

^^'rv*3?46Tt.SUc Sfcs ±iBSISS«!lT»'>S:< 
i:*, 2 o©!|ta![«*^6JfaE*3lll L/j:ti«. 3 •3JX±©1t 

[00591 * fc*SIJfefilJT'l4SI 2 Rtf H 3 ICS^ Lfc J: 

fanssffiiTvTT L/b J: 3 1 ©%j^gp 2 9 sif m i 

3^gB3 O^&filJtiaSffilCJSLiTffit^So SfcffllR-Ji^Sai 

[0 0 6 0] *«B^oiijfiey 1 ic j:ntf. l/cHirjk 
3{f:3B:<s:y. fiPSpa©aaa^tRr«giS:y. ^lt^»#A'« 
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LT]fllE^SiJ^-r«fc46IIRsSOettie«3Et)oTttt 

[0061] Sfcv llli(ilSffiIE§|S£)^llK%€^%illi(%raRS7 
miEr^tclst>. lllR«®:*:'J^;t6^3b^t36-r»SJ:<JtaE* 

[0 0 6 2] $fc. 38^fa«5Klia5)B«aRjfifg#£DSiK 

#®3B«fllil«!|#a»{;:»-:J*jfliffi«-3il|-r-5fci&, BifliE 
■^i!liRSi<bli:«:oTlllR3»ett3!j«St>oTt.«JSJ: < JllUE 

[0 0 6 3] Sfc. iSieiilil«-3l»g|5<?«{ift<!D 1 ^m^T 

sK-fi-^roS-jfiBx MIHSaeigtDtL MI33Sjgfl)R-Kiz:±y 

85fBjSJSKsft®-t?P^^PXffl|!ll®'>3B:< tt— 

jKli:£-di$jfaE^illJf-r^fci6> SiIaE-^lbfllil)£fb(c& 
oTlllS5lSJKtt*i«3E*3oT'fc«JSJ: < JfllE*3l!l3E-p**o 

[0 0 6 4] ^fc. m^mmmmm^tm)i!imth^m.f^ 

mm^<O^T&M. witi^TS.^<Oit. m^^msMo^m 

[0 0 6 5] s/c. URmmm^fSit'^Mit^Wim.xtimc 

So 

[0 0 6 6] Sfc. A*3-nfc»*ffili:J:yflRiifti|^S» 
[0 0 6 7] ^fc. jfajEgiS#SA':;1lff*tlfcJlaBE5^S^ 

fBif-rsiBitsis^^L, iBis:rn/i:ffi»j(iisi)(ii#i&(^ 

[0 0 6 8] ^fcJfilE{i;1lg#»3l»5-tlfcJfllE*« 

[0 0 6 9] ^fc. mmistiTzMKis^iE'i^vsmimii^^ 



[0 0 7 0] *61j:. JtoEEffi5lllf#ISA^^^a5«fti©jl 
[0071] (Mmm2) 01 5»4:fl^0DSIt&1$>J2(D 

jfliffisiJSSB^5^-r:?p>y^iax bi 6. bii 7ttigg 

M©5i-ISETSSo 

[0 0 7 2] *IIMEfi!l2li:fcL^T. Hffiffii 1 <!:*^S,'iS 

S«Sif©l!ijfi^tiiSP 9 a ~ 9 n L. !|#Si«>ISIf 
1 13b^Mi^«diSP9a~9nA^6<7)flfia6{i#^eSr3■^flR 
«e»l^!a. llR«e»jSJS©'i>*<«!:*>-o*IR«^ 

L. 1II1E>IIII^^1 8A'<IVR%!|ft!t£. SSafK-S^itt^Sv 

immMsmmA. m.^mmnm. #f^it^S(D'>% 

<<!:t.-oie«-5*Jlaff*3i»-r«<!:i:t.lCs ifliff©» 

)£jsiiiii3S4$%s. m&.mm<^^. »^>^mm.ai'pts.<^ 

El 1 6Rlfll 1 7 tiJiJttftetOgPffiiD 211fff©BlR2f*«l 

aj-rs«^<7)*<t2 4©^EiT-£So m^e^mm.m 

1 ©if ASP 2 7 ^±m\^ < S J: -5 L T^fcET. *ll 
«S«1?«»ASP2 7©Jg5t«»SA-r«ffl!i:t45W©fl!lK 
m 2 ©^SP 3 3 2 ©gjtgp 3 4 *i«^«?tlTl^ 
So m 2 ©«Jtg|J 3 3 i: SI 2 ©S3tSi5 3 4 ^i^§5tJ;^^^|.© 
8PffiT'©fflR«*»arSJ:-5»lfil6*tU fi07LB:mi©« 
3tg|52 9StfSI1 ©§3ta53 0^|5|L:«|jt:&^LTL^ 

So ii T-tim 1 ©»3taj 2 9 sj/m i ©sjtSB 30*'! 

mi©Mjfi?^ajg|59a' , m2©^31figP3 3tm2©g 

3^3 4]ei«%2©iyiii$«i(ti8P9b' ^%So r^. mi© 

^3^g|3 2 9 i:m 2 ©513^95 3 3 <!: ^Isl-©t© <!: LT^ 
ffl-rS«l*!EiLTt.ctL% Ell 7 {±111 1 6Tmi©i§it 
SP2 9Stfmi ©S3^3 0<?il«LT»S©<!:lllL:JS 
mt::m2©fflit;fi«tilSP9 b' <h LT©II:»D-b>-9-3 
SSS-nf£*Jfifi!IT-*Sc ff:tl-b>-9-3 5tt}t5tJi(i1-© 
SPffiT-©lllR«tJ:SJS^Jt«ffiT©m*IE'fk (ElilR«) 
n:xK©Saj)lcJ:SSii!l^«tllfSt©T\ m7L\.fy-<)\^ 
Att©pI«tiiSiJ?Em-t v'TWfiE* n 

So ^/j:M2©Mifi«l!ijaJ9b' [t'l^'^^i^^hr -< 

[0 0 7 31 fa. HBtefiij 1 tm-m^(o^(o[i.m-mi& 

Jg^fe^ffASP 2 7 ©BlR««aia5 9 a ' Icjf A L, E 1 8 
0!)j;3lc*»2 4*Ji5tlcg«rsi:<!:tfc> M>S=^dl 

gP9b' ^551. pgp. fl@gp©L^-rnAM •o©aj<atnffi 

ftfc*-frTJfilff©a^*SIJ&-rSo JitTliSSItcSttJt!: 
fcJS^i LTSJl!^«-Ji4i>Sc JlllJES!lS©IR©7P-5^-^ 
-hl4B4i:lRiaT'»S©T% ^:^:T*^i04«•ffl^,^TS 
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T 4aif s T 5 T-omm^miz-o^^TWimt^. s t i 

fc<&(D7£%. 5i%3b'6<Dei{S{»B 1 6(DJR2<7)aii(iS^ 
aiSP9b' *HgSlcffiM*-«±T«tiir*o E19J:yfl)R 
5fiejS^Mii^-ti-F*ioM«©iz:-6±y *S K S 2<D 
INSIST c t LT*«»6tl«= «fc*4&^1tai«A* 

[0074] S T 5 Tt*^i6S;£ LfcWS^ •< 6 Jfil 

E3iit#is 1 8 a^Mm^mmr^o 020 ti^eitai: l 
T T u 0 i: T c ^fflLNTj&E B p ^mmr^^-^<DV]m. 

1 3. L 1 4«^5^Lrct<DT-SS. CCTL 1 
2itm*:IISLE.m. L 1 4UngJlaE^7'£%. Tu0(^ 

U^iKjiU Tc^p/J^^^,^<^:Ifilff^±B<35:5^SlR)^^:* 
%o JfllESIJiap 1 9 Ttiia 2 0 T u 0 i: T c 

sssnaffiB p 1 3. sffijfiiff B p 1 Atmm-^n^. 

[0 0 7 5] fa. ±8BIIJfiffm±111 6lC,T^f*<*2 4 
tc5^-r*f*2 4*ffl^,^T01 8<DJ:'5tem2©|)8««aj 

359 b' ^msi'(>mmzmm^^^<itizj:tj. 

[0076] S T 6 T-l±Sttl<iA:t)g|5 2 0 tCjfilJE© 
Mlfiifi«A^T*-n« t S T 7 TfJ^^I' >©*fiE*(«?7to 
ilcDJi^. 5IB6<5yi <t:lllfi|5S:#lilTlfllff0St^fit 

mm., m^^ismm. :&<*itat««D'>a<d:t-o<»: 

SIWr«JfllE«!:<DBIfl&*ffiiE-r« J: 3 ic LTt J;t^6\ 
il ' Tli* 6 {::jfllff{i-3imgP 1 9 A"* A:^* tifcJUBE^S 

mmmi^wm. Skm^mmm. #<*i$sie*o'>&< 

^t.-ot3IS-r*itoff<t:©ISII««?sg-r*C ilc J: y 



IftctLTti, (P DPt T^yk D. E. •7J></l//\ 

-hfte2i&, W^m-^. 1 9 89^). Sntt2 
a-n=I>trii--S?<D»fii. pi 02. «fS5lflfe7«,. 
1 9 9 0^) . i|#liBB6 3-55 1 0 6 ^iflc^x* tlfc 

[0 0 7 7] J-XTx 3tfflEU^IBiE*tl/c«t«fc<aSn 

[0 0 7 8] 132 1 WlS[lISS*B!gie^S£D^fiE*& 
tJ&SWllilR^^OKt&ElT'iBSc 02 1lCtJt^T. 4 0 
1-40 Nt4«iilio[)->:»-:/;^*s^«ai^-r«Sfl5l->-^-:/ 
X^^iESSST-* y . 4 0a l4@fM->:»- 
40 1 ~4 0 NA^6<Dill:'D5:iDSf SllPSST-$y> 4 
Ob«a^*nfi:#fl|gJBBia![. fct^tf. L*0^fil^h 

[0 0 7 91 
[|»2] 

f (y, h) =1/ (1 + exp (-y + h) ) 

[0 0 8 0] iz:J:oTlJPSS4 0 a©ai:'D*#^«imS«l 

miiyi-yT.m-^m^SA o i ~4 o n ttmmmms 

4 0 blC-:?5:fi«oTL^So ^tz. ^&.'>i-ZfXl^-^m.^ 

114 0 1 ~4 0 Nimm^mnm^^SiaM^msf'mL 

[008 1] 02 1 \n^':SK.^T¥mm=f-Oi^ti^ 

ti©t- K©^^I'f^^^:ot^Ti^^^■r«« sf. •d^ffis^ 

- K©»]f^£DiH9J*-ri.o »i)ilR?(iN<l«^)A:^X 1 ~ 
X n^gltr 1 -PCDiill^DS-ai-ro i SS<7)A:>D<B-^X i 

tt. raftT-5^*nfc i s^©g^M->:^:/xle^^sss4 

0 i tcfcu^TW i • X i tc^fiS*ti5o gft<->:^7'Xie 
^^»S4 0 1 ~4 0 NT^SI?tlfcN<l©d^W 1 • 
X1~Wn • Xnl±liP||«4 0alcAy. SMSSSSyi? 
#N«JBieSSSg4 0 b iciSSn. Sil^aii^f (y. h) i 

St- KTti. ^->:^:/Xie^^^i§4 0 1 ~4 0 N 
t#flifg3ESI«4 0 bOlESiy<7^— SfW 1 ~W n i h 
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[0 0 8 2] 

Wi+AWi ; i = l, 2, 
h+Ah 



N 



[0 0 8 31 tamr^. E2 2fi±fB»«iR?^«^40 

S2 2^^:tel^Ts 5 1 1 ~5 AAltmL'>i-y7,1lS'^m 
8SI§T-£ U . 5 0 1 ~ 5 0 4 ti. 0 2 1 TiftB^ LfcSD » 

»4 0 a <t:#f«8}B3aft»4 0 b^^tubtcUam^^iimm 

«^-7^&^o 132 2lC^Sl^7. BI2 1 tm'stiz^mif'^ 

if^xtimt}^mi->i-yxm-^^^ss s 1 1 ~ 5 4 4 <!: 
mmmm^msss 0 1 ~5 0 4i^ofeA''oTt^*o @ 

Miy-tzfT.I^'^m.miS 1 1 ~5 4 4 t,*g^fi*«»<!: 

AWli = <J (X) •Sjont (X) • 



[0 0 8 4] 02 34*. !?sS7';l'rr'JXA<!:LTtKMa» 

Ts E12 3^cs^l^T^I^^^as#ls©^g^^T■pJ«^® 

Sin (X) Mfli<Dtb*Sout (X) ^tb^f 

5o ^iE#|g6 2li. A:'3fs^Sm (X) <!:ai:^fi-^S 
out (X) i^Stt. §5Mttll^l6S^c«^e<Dll^S 
SS#lft*^6©M<@a)SIM{i^*6 j (X) ©A^fi««-5S 
T-^«|-r5o SiS«^t6 j (X) A-SAi^^ftflgiE** 

[0 0 8 5] 

[£):4] 

(l-SjDut (X) ) • SllB (X) 



(i = l~N, j = l'^'M) 



[0 0 8 6] ii+jSL. miLm^^m^mm.^m6 1 

[0 0 8 7] E2 4f±. »ll[H]S8#H«S:#m^fflt^fi:^ 

Jl/<— fe:7hP>'©«l^€-5^-r:/P'yJ'iaTfey. 7 1 

X. 7 1 Y. 7 1 Z\t^1n.^tlKm. L<1. M<1®»« 
IR?A^6^Sfi^aift#l6T-^y. 7 2X. 7 2Y. 7 
2Z«<tiE#IST«y. 7 3 lit^MffS^IST-fe^., J^i 

2 4*#!!8L35:!ti«6^-<Di&f^«ittwr*o ■fi^«a#a 

7 0Xlefcl^T. '(l^SSl^lft7 1 Xtt. A:^Siin 
(X) (i=1~N) «:gtt. th^Sjout (X) (j = 
1~K) ^m-flT^. ■(tIE^«7 2X«. ■(a^^Siin 

(X) .t^s^sjout (X) ^git. mmm^6i (x) 
( j = 1 ~K) ^xtitn^^T-mmr^o wtirI«io 
iasii*. ■fi^s#© 7 0 Y. 7 0 z ^^:^JL^T^5fc^l. 

«^«*fi67 1 ZJ:y«i^ai* Shout (Z) (h = l 
~M) 6^ai:tl?tl«<. S<^ai:^Shout (Z) li. ^Mtf 
ll#IS7 3tct,SS+i-So ^MH-»^I£7 3^^:^5L^T 
tts 2iiKM<DaHiiiiBII»COSTTiBl::5^-r (3C5) i:: 
S■5l,^TS^M^^il:^T (T1. TVi) t(D 

M 

« j (Y) =E 6i (Z) • Sjoot (Z) 
1=1 



[0 0 8 8] 
[SKS] 

M 2 

COST=/i • 2 (Th-Shout (Z) ) /2 
[0 0 8 9] fc/cU Mti^S/f— b:^l>n>fl!)!3aga 

[0 0 9 0] 

5h (Z) =-i« ♦ (Shout (Z) -Th) 

[009 1] <eiE#a7 2Ztt. ±Z'St^Ltc 

^m^lcLTzfy^^T. ■(I^S»>#©7 1 ZC0m»J<3^ 
-■ ?<7)<giESAW (Z) *lt»U <fiE?S7 2YlC3i 

(z) *<i^ss6#s:7 1 zizM'Js mma^s m 
^<^iE#®7 2 YtciM^o m^mt^^m? i zi*. ftiE 

«^AW (Z) ^^:«r3t^TP«3BIJ©/\°^-><-'S^«■^^iE■r 
ftfc. ISM^I^fi (Y) It (SC7) T-^^6ft*o 
[0 0 9 2] 

(l-Sjo«t (Z) ) •wij (Z) 



[0 0 9 3] ilCT. wij (Z) iiii-^^ife^S7 1 z 
Tx lll«l©jlftS*P^^J4!S#lft7 0 X. 7 0Y^Ci^^,^T 
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t5. ±iH©3^RS^c^it^7tt^ 3S<D^Jl/f— trT^hPV 

S)ifbcD:&aicoc^T lis mBmmmtcDtctb^K Ltz 
[0 0 9 4] zcD^'iicpmms&mm^^m^mLtcssa. 

[0 0 9 5] ?t^Si^^^JlIlE^t]lSl!1 9(i. ^m*m 

&^^A:^SI!2 0;b'S<0daE<D&^iiff^<!:(3Dga^«^ 
A^ltJ:S?iiE^L7-t>1^SiSillS¥lft1 1 A^6(Z)?t8lt 

E^ITiE-rniSs JfilE3l»gP1 9t!?*Sti:<fcyiinii:iI 
[0 0 9 6] <l:z:5T-^S*?Taifiiff3l»gPi 9<DSIfiE 

[0 0 9 7] :^%l!S(Dlll»9J2(CJ:n(f. MiAmtiiS^tfi 

«-jSIJCr5ii<h<j«T*<lL^ffiS#3b^lRi±-r kittle, s 
Jfllffi-¥>»liR51<klC3&oTlllRa»K«*i«X*>oTt,WISJ: < 

[0 0 9 8] £/c. jiaE-;iis^i&ib^iiii^~;$!t$^>. mmm 

jlaff-^®llR5I<btc&orillft«JKttA''^tooTt,«ffiJ: < 

[0 0 9 9] ^tc. msimmm^Sit'^'ocommmis^f^ 
mm^ii(D^%^^i§T'^^iz^^u WLi^mcitmm 



fflii <i:ytJiiiffi»is®wjstP«sicisi±-r%<!:t'>orc3e& 

[0 10 0] S/c. li)Rjfi«ltiJ^®fi^?cD*&5t6^SlllRiK« 
«ltU-r%S 1 (Ollli(%«lmffi<^:^ S 1 <Dlllf(jiS«img|!<>:R!lfi 

[0101] mi <Dilli^'%^diSP<>:S2<DillR-IlS:^ai 

[0 10 2] ^tz. micommmttimmK^^i^mr^ 

E.ti-b y*tt^ say. SfiP-^MSPA^ SfflKiK^SSai LiD> 

lll^c3fit^•te1IT•l«5ft*«aJ■^#«©T'lilR«e»l^lHSl^ 

i!iii*e»asig©3i»*ii®*iR]±-r 5 z. t a^t* 

[0 10 3] *6l::. m2©fl)it5a^$tllg|5(±'D.if*:Kaj-r 

[0 10 4] fa. iiBSfiijiRo=2T-ai'<fcJ:3tegiii* 

(c. «^j?L(f E I \,mmm^<n^'&t.^TM:\^. d i liiiiBfi 
w©p@-r s:fc-6iJ)jifiscosi3S*^t^ <!: iiaa-r 5 1 U> o 

i(lllO»L3RL*ipJj£-r*z:i:'fcT'*«c * 

£ « B^jiSTOD* >!? of^^mt-^^AW<oMymmm^ 

TA#®Jlll)««a»l«**U^ LTt, J: < s mfUf^MOi 

»»#ri|g^s l?t>6*"©SJS, *;!|-Xl4^lc«cJ^Ait© 
Jlll5S«3«l!l!B«^*'J«LTt.J:t\ iKDcfc^lcrntt; * 

is?^$ii£^fi<i(ciiMiiii-r 3 ZL hi^T'itw^mmmiz'^ 

[0 10 5] 

[M^Cja*] J-X±IHBS L/i: J: e li:*^^£Dt»3?« 1 

mr^tctb. xmz^mr^-k>-*ti.mm-k>v-o3*-^ 

JfllEllS<DI»©J*f^<D*iSt3-««5:<^y. SBSH 

^tf^iz. siRmizmmLtci^mm^mm LzME^m 

[0 10 6] fi^:^2iC]b^3b^sitoff-llSgS«i)R 
««iEaJif'fllRjlS<l^t*MjlSSH8TMiE-r*fcti). Mft© 

±'Mzfs^t'^t>e>-msL^ < sbLm^m&Ti^zti^o^m 
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[0 10 7] £fc. nimsinf^f^^mmm^mmim 
B^fflfflffis mm(om^. iR«»©'>&<i*.-o*ii)ii 

ajB^^ft^^te o T tJBSJt J: < Jflltt^S'J^T'^- 5 <»: ^ Sfi 
[0 10 8] $fc. ii3?JS4lcA^3b^*jfilE5RiJSga«3$ 

o T t«jg cfc < jmm^-i'JST'^ s 1 1^ -5 jas ««« 
[0 10 9] ^tzn^msizt-^f^^&mmmimmwitm-^ 

[0 110] $fcll^^6(C]b'A'^JlaJ£9!l£ilB(tillilie^ 
<i:t.l::> aiJfllE-¥>»M?3E<blcS:oTlili{a»^3e«StooT 

[0 1 1 1] ^nn^mi^zt-^f^^nsiSM^^mtisim 

«JBcfc<Jlaff*5liyST'#««!:t^3aj«*i<»«c 
[0 112] ^fcii!5R^8lc<)-6^SjfilEiiJSSSttJlllff 

[0 113] ^fi:il^«9(^]b'£)'%lfilS3IJ;£ilC(±A^ 



jS«ail!l!ll©3Efbfi«a5^fcy«ffl«3B«^*>ofcy LTt 

[0 114] ^fcii^iii oi.zt'^ts^^mE.mwsmim 

[0 115] $f::8g^^1 1 (Cii^;f)^SllIlE-ja^^SUIIIit 
aSiJ, liSfiP<3!)'>S:<<!:t.-o©SPiatcS«Rri6TSys 

c^■r^l<7)gp^fiT"t.lilR«*ss^c«t^lT^«©■?. ffit^w 
[0 116] SfciiiR:ai 2 ic*^*^sjfaES!l:£gSi±m 

1 ®iiiRjfi«feaigB<hm2flDiisa^fifemsei*«KffiLTt^sf£: 

a6. 'jNS!fb«<ianSt*t::ffi*iJT»« 1 3S&Je««a&«o 
[0 1 1 7] SfcasRJll 3 (c6^6-;SjfliEa!l^^M«5R 

[0 118] SfcSiR^l 41:: 6^*^:5 jfliE-ao^^StiE 
:<D-b >-9-<J: y Sgp-^BQgPA^ SEHIRiK^^ai L/L:^K^CJfiL^ 

So 

[0 119] $^cn^:ii 5 (cA';b'%i&iE-ll£$^{E(i7 

fiiRiis^SPersj^tf i»i!-;s^fs»3SS(D>ii)$niiS«iR)±-r 2 c 

[0 12 0] ^fcHI^^I 6(c^)^A'Sit[lE%£SIS(iIB 

[0121] ^Tcn^m^ 7tc6-6-*jliiES!l^gBtt'J 

7';l/-?'r/*C0S.T^-^fB1f5'nfciS*<^7='— Sr^L^OTt 

[0 12 2] ^TMmm^ 8^i:^)^A^SJ^llE3^l^^^s^i3^ 

I T * MReSlcffilEO i: L> 3 So 

[0 12 3] ^e,^zn^^ 9izf^f^^msmm.mmii 

* lR)±r S il (h S i 3 3Stim3jji« So 

[IS 2] mMzm^mwoi^mm 

[123] lllJlaE3H:£SS0Af^^<9S«§|!ti^/^L/c@ 
[04] lllJfllE-jySSB0DlIlUES!^#)li*5^-r7P-5^ 
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ms] (a) mssaE.M'&muiri^if^iETsmi.&^m 

(b) mi^mmm^^^rm^^is 

(c) mmm&m^^Tjirmit^ 

[06] (a) BuK5ft«^))i)Ra6*.T^-rjfiJ^1tttH 

(b) mm&M&^mr'i&m'm^m 

(c) i^iM3iiSMj!S*5^-ra6fKi#i40 

[|gi7] (a) msSRmM^&m.^c£^f^mti^Aa^1^mm 

( c ) mmm^co^mm^mtb^^m^^^r^^^ 

[010] IDjfiiff-Sy^ilBltfeli-SifaEiiTu. vi© 
[01 1] I^JfaEPJ£ilS(ci>(t%llllE<!:Rb. Rd<!: 
[01 2] llljfaEli;ES9(c£(t^JlaE<t E k ^ii6<t 
[013] |^ifaEi!l££B(c&(:^:&jfaE<h T u . R d <b 

[01 4] lllJlii£ll£^S(c£(t%ilaEO¥J£7^>$ 

»*fi!T«IE-r«#|il*5^v-r^#140 

[015] :$im^(D^mm2izts^i^ssiiE.m^mm(o:f 

P'y^0 

[016] |W|ifiiSiiJ^^S(^^fg0 

[017] m!kmm^mm<D9^am 
0 

[019] ( a ) mME.mmmmi^3sif^ t c ^^tt^ 

(b) I^TC*5Ri&«*lli*^f1t140 

[02 0] msiRzmm^wic^f'f^MEEtTu. jct 
©gi«^5^-rit'tt0 

[02 1] lllJlllE9y^^3a)^l°]»»f3:ffi^#l&<D:»i^ 



[02 2] |^KaEaiJS3iai(7)»SIS?^4oM5"Jlto:S: 

[0231 mmE.mmmwo>^f^myi\^^'j XL.tLTm 
[02 41 mLE.mm^w<r>vm^^m^^Mii^mi^^ 

[025] fitsRtDiliiEiySSB® :?'P -y 0 

[0 2 61 m'<ii^(osk&m^mwicisif^PTJ. p 

K Tb. X. y*Sc«)5#lll*5^-rittt0 

[^^<DiHB^] 

8 MilK«iai#^ 

9 llfi(»ig|£bSIS 
9a~9n BMSS^IffigP 

9 a' m 1 ©Maz^aigp 



9 b' 


9l2(Dlli(iS^ttiSI! 


1 0 




1 1 




1 2 




1 3 




1 4 




1 5 




1 6 




1 7 




1 8 




2 0 




2 1 




2 2 




2 3 




2 9 


m 1 tD^jtsp 


3 0 


mi ©sjtsp 


3 1 




3 2 




3 3 


«2ffl«JtSP 


3 4 


m2<DSjta5 


3 5 
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[gill 



[03] 



1 8 




8 mmkm^sk 

1 0 miciHE» 

1 1 mt]a»^Wi 

12 KewflumnB 

13 msemummn 

14 mxMmmkammm 

15 Aia^eKftttiiM 

16 mmammmkmmMm 

1 7 

18 tLEEWm^ 

1 9 jkESkms 

2 0 wrmxMi 

2 1 CttAl 
2 2 
2 3 




[B2] 



2 4 



2 4 




3 1 

2 0 2 2 2'9 

2 4 2 8 #ffinfB 

2 5 «-f-4B!a=«-:^y h 2 9 »1 0363taB 

2 6 3 0 mi<D^^lK 
2 7 if AS? 



[BI8] 



3 1 Mitmm^m 



B P 1 




D I 



B P 2 



<a) 



(b) 



(c) 



[@5] 



■mm 





E I 0 



E I 



(15) 1tBI¥1 0-2956 5 7 




[|S|6] [137] 




ItMTI 0-2 95 65 7 



0] 1] 




TuO — ^Tu RbO — ^Rb 





(17) ItSBspi 0-29565 7 



mi 5] 

9 a ~ 9 n MSfelfttilSiS 

3 2 mmBm^mmMM 




3 2 17 16 

m^ 7] m^ 8] 




Tu 0 — »-Tu 
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mi 11 



4 0 1 



Wi Xi 




WnXn 



4 ON 



4 0b 




[B2 2] 



f {^ZWiiXi) 




10-295657 



[02 3] [122 6] 




124] 



ShovtCz) 
A 



7 1 Z 



(h= 1 — M) 



Tf iy" 



7 1 X 



1" 



Siiii(x) (i=l~N) 



J3 i 



7 2zl7 0Z fli-f- 



7 2Yi 



!7 0Y 



7 2X 



I 
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[122 51 




